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J every individual in fociety, to him who 
promotes its real intereft, by extending the 
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S I R, 
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Feb. 28, 1782. 
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PREFACE 



np H E* advantages derived from the fcience of 
-*• Natural Philofophy are fo great, and fo 
univerfally acknowledged, that an enumeration of 
them would be unncceffary, if it did not fervc to en- 
liven and direft that Ipirit of enquiry which is natUr- 
ral to youthful minds, and to awaken thofe, who 
from a want of refledion, are not inclined to look 
into the caufes of things. We are apt to regard 
objedts to which we have long been familiarized, 
with languor and incJifFerence -, and we now behold 
cfFefts, without even the emoti«i of curiofity, 
which, in lefs enlightened ages, would have been 
thought miraculous^ 

Man, in a rudt and favage ftate, with a preca- 
rious fubfiftence, expofed to the inclemencies of 
the feafons, and tht fury of wild beafk, is an ob- 
j eft of pity, when compared toman enlightened 
and affifted by philofophy. Ignorant of architec- 
ture, of agriculture, of commerce,'and of all the 
numerous arts which depend upon the mechanic 
powers, he exifts in the defart, comfortlefs and 
unfocial, little fuperior in enjoyment to the lion or 
the tyger, but much their inferior in ftrength and 
fafety. If it be true, that man ever exifted in this 
ftate, it could not have lafted long : the exertion 
of his mental ftrength muft have given rife to the 
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arts. Aided by thefe, the wildcrnefs becomes a 
garden, embellifhed with temples, palaces, and 
populous cities ; and he beholds himfelf removed 
to an immenfe diftance from the animals, to which 
in his original ignorance he feemed nearly allied. 

The fciences beftow that leifure and inde- 
pendence which have enabled fuperior minds to 
form laws, and to eftablifli the rights of man- 
kind, by mutual cortipaft between the power- 
ful and the weak. By this leifure it is, that inge- 
nious and fpeculative men have collected mafles 
of knowledge, which induce lis to regard the 
powers of the human mind with aftonifhment. 
Hence we polTefs the admirable fcience of Aftrono- 
my. A fcience founded on the moll accurate and 
long-continued obfervations, and fyftematized by 
the pureft mathematical reafoning^ but at the 
fame time fo remote from vulgar appreheniQori> 
that its daily and important ufes and predidtions 
are hardly fufficient to prevent its being regarded 
by the ignorant as a chimera t " 

The other departments of Natural Philofophy 
are not lefs replete with wonders. . How great 
would have been the furprife of the antients, could 
they have foreknown the efFcfts which are pro- 
duced by the refleftion and refradtion of light? 
By a fldlful management cf thefe properties, tele- 
fcopcs, and various optical inftruments are con- 
ftrufted* Objefts, too remote to be perceived by 
the naked eye, are enlarged and rendered vifible. 
The latellites of Jupiter and Saturn, the moun- 
tains 
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tains, an4 cavities in the Moon, and the chianges . 
wjiich take place on the -Sun's difc, are thus difco- 
vered, and afford matter for admiration and en- 
quiry. Neither is this delightful fcience of Optics 
confined to the contemplation of diftant objefts, 
Minyte animals, the veffels of plants, and, ia 
fliort, a new world in miniature is difclofed to our 
view by the microfcope, and an inexhauftible fund 
of rational entertainment and knowledge is brought 
within the fphere of our fenfes* 

Every one is acquainted with the benefits derived 
from the fcience of Hydroftatics, to which we arc 
indebted for many ufeful inventions. Among thefe 
are wind and water-mills, pumps, fire-engines, 
fteam-ehgines, &c. &c. 

Chemiftry Is produftive of great and fmgular ad-- 
vantages to fociety. Metallurgy, in its utmoft ex- 
tent, the arts of making glafs and pottery, of dying, 
and many others, together with a v^ry confiderable 
part of the materia medica, are dependant on this 
branch of philofophy. The vaft importance of 
metallurgy may be rendered obvious from the 
fingle confideration of the 'many ufes to which iron 
is applied. Without this metal we Ihould be almoft 
totally incapable of making any utenfil or inftru- 
ment. It is difficult to recolleft any production of 
art in the formation of which iron is not made ufc 
of; and the very exiftence of naval commerce 
depends on its magnetical property. 

Wiilofophy is not therefore a dry ftudy, but 4 
purftiit ©f die higheft utility and entertainment, 
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Thofe who cultivate the fciences know that they 
naturally produce a fincere and difinterefted love of 
truth. An enlarged view of things deftroys the 
cfFefts of prejudice, infpires the propereft ideas of 
the great original caufe, and promotes a detef- 
tation of every thing that is mean or bafe. And 
if there be a pleafure in attending to objefts 
which fill the mind by their immenfity, and delight 
the imagination by the continual difcovery of 
new and fublime analogies, it is not to be won- 
dered that philofophers purfue their ftudies with 
a degree of attention and ardor which is not found 
in any other fet of men. 

The order of arrangement in the prefent work is 
fuch as was fuggefted by the fubjefts themfclves- 
After a curfory enumeration of the general pro- 
perties of matter. Motion is principally attended 
to, being that affeftion of matter by which all 
changes arc brought about. Mechanics and 
aftronomy naturally follow; and are fucceeded 
by an elucidation of the properties and motion 
of Light. The more complex motions of Fluids 
and the atmofpheric phenomena are: next confi- 
dered. Thus far it will be obferved> that the 
work treats of fuch general eflfedts as arifc from 
the motions of bodies, without any particular re- 
fpeft to thofe Ipecific properties which diftipguifli 
them into various claffes^. The remaining part of 
the treatife is employed upon thefe fpecific,. pro- 
perties : a long fedion upon Cheijiiftry is given for 
the purpofe of explaining theni as far as they are 

at 
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at ptefcfit known, and are capable of being under- 
ftood by mere reading. Magnetifm and eleftri-^ 
city occupy the concluding feftions. Upon the 
whole, therefore, it will be feen, that the moft 
fcientific and beft eftablifhed parts of Natural Phi- 
lofophy are firft treated of, and are followed in 
fucceflion by others, which are lefs underftood. 

This treatife being intended to give a clear ac- 
count of the prefent ftate of Natural Philofophy, 
to fuch as poffefs very little mathematical know-' 
. ledge, care has been taken to feleft fuch fa6ks 
and experiments as tend to eftablifh elementary 
truths. The varieties of experiments of the fame 
kind are not therefore numerous ; but it is hoped 
that the advantage of a greater number of general 
principles is by that means obtained. Philofophi- 
cal inftruments likewife are not minutely defcribed. 
References to the parts of drawings are not often read 
or underftood : for this reafon, it was thought bet- 
ter to explain their general conftruftion, and leave 
the minutise to ocular infpeftion. The grand ob- 
jcft, throughout, has been to relieve the memory, 
and aflift the underftanding, by concifencfs and il- 
luftrative arrangement. 

Thofe prolix difquifitions, which render the 
commentator lefs Tntelligible than the author com^ 
mented upon, are thus avoided l neither has the 
afFedation of familiarity, which is ufually attended 
with a lax and unphilofophical explanation of one 
event by another equally obfcure, been indulged. 
On the contrary, the author has every where en-» 
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deavorcd to prcferve that folidity of argument, aud 
precifion of exprdSkytij whick d,iftinguifh the work» 
of the beft phiiofophers. And, notwithft^ding 
the nature of the undertaking unavoidably re- 
quired a deviadon fjtom thofe dega^t and general 
jH-inciples, which are obtained by ftrift mathema- 
tical reafoning, yet, it is prefumed, that the 
ftu4eht will find nothing in this treatife which 
he will be under the neceffity of unlearning, when 
lie attempts the perufal of thofe books to which 
.this is ofFered as an int^odu^ion. 

The attentive exanu^arion of other books, to. 
^hich tb? writer of this performance has had re- 
courfe, has fhejvn him, that even the work? of 
tfhofe great men, who deferye and poffcfs the 
higheft reputation, are not free from errors of im- 
portance* The prefent occafion does not require the 
difagreeable taik of poii^ting them out; but this 
very confideration will not permit him to hope that 
his diligence has entirely ej^cluded miftakes. How- 
ever, he has little to fear on that account i being 
fenfible that thofe who are the beft able to difco- 
ver them, will, at the fame time, be the, readieft to 
cxercife that candor which every writer has need of. 

The liberty which has been taken in altering the 
words of other, authors, and adapting them to the 
purpofe of this work, would have prevented the 
ule of formal quotations, if they had been ftippofed 
neceflary; and, as the prefent intention is not at 
all hiftorical, the names of authors have been 
avoided as much as was confiftent with the wifti of 

the 
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the writer to evade the fufpicion of plagiarifm. If 
plagiarifm can be impui^d to th# author of an epi- 
tome of fciencc, this acknowledgement muft be 
allowed to obviate the charge. 

In the printing, every thing which could be ima- 
• gined of fervice to the book, as a- manual of phi- 
lofophy, has been done. A varying title at the 
head of each page, and copious indexes, are an- 
nexed. From thefe the reader will fee, thatfcarce- 
ly any faft of importance has been omitted. 

The learner, who may be induced to fix his 
chemical reading in his memory, by recurring to 
experiment, which may be done with very little 
e:j:pence, is cautioned to beware of the danger with 
which it is fometimes attended. The folution, 
evaporation, and calcination of uninflammable mat- 
ters may be performed in the common apartments 
of a dwellinR-houfe -, but the diftillation of corro* 
five or inflammable fubftandes ought not to be at- 
tempted but in a place prepared for the purpofe. 
The burf ing of a retort, containing any concen- 
trated fuming acid, muft be very deftruftive to 
furniture, as well as prejudicial to health; and ardent 
fpirits, refins, and the like, would endanger the 
houfe if a fimilar accident were to happen. It is im-* 
poflible to give advice againft the many cafualties 
.to which chemical experiments are liable 5 one gene- 
ral maxim is, always to endeavor, from analogy, tQ 
forefce the confequence, or probable refult, of the 
. intended procefs, and when that cannot be done, td 
" obferve the phenomena, and proceed with caution. 
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ADVnKTl^E ME N T. 

THE Improvements in this fccond Edition 
are very confiderablci as well in confe- 
quence of the rapid progrefs of the difcoveries 
made by philofophers in all parts of the civilized 
world, as of the /careful revifion the whole work has 
undergone. The additions are equivalent to a 
third volume; though, by an alteration of the 
type and page, this edition has been prevented 
from exceeding the former in bulk or price. Many, 
additional figures have been inferted in the plates, 
and the numbers 7 and 8 are entirely new. Mar- 
ginal references are likewife annexed, which, it is 
hoped, will be found eminently ufeful. In thefe 
the figures denote the pages, and the letters the 
paragraphs of the pages where the prooft or illu- 
ftrations referred to are to be found : and in the 
fecond volume the numeral letter i. is prefixed, 
whenever the firft volume is referred to. 

' London, Nov. i, 17^6. 
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INTRODUCTION 

TO 

NATURAL PHILOSOPHY. 



OF THE DEGREES OR KINDS OF KNOWLEDGE-; AND 
THE RULES OF PHILOSOPHIZING. 

THE impreffions made on the organs of idile 
by external objects pioduce ideas in the qiind. 
We are continually employed in amalling a flock of 
general truths re^pefting them> which is called 
Icnowledge. 

An intelligent being, whofe powers are lels than 
infinite, muft of neceffity be unequal to the per- 
formance of many things- If any affertion be made 
fcipeding two or more ideas, it will imply either 
truth or falfehood -, but the cafes in which we can 
with certainty difcover the one or the other arc vcrf 
few, in comparifon with thofe that arc placed' be- 
yond our power of inveftigation. Yet, as a deciiioA 
is almoft always required for the regulation of oxir 
condudl in the affairs of life, the greater part of out 
knowledge becomes founded on probability, inftcad 
of eftatdifhed truth. The means of acquiring 
knowledge may therefore be laid tq be <^ thret 

Vol. I. B kinds. 
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j kinds. Certainties are obtained eitlier by intiji- 

y tion or demonftration> probabilities are obtained hj 

analogy.. 
I There are fome ideas whofe nautual relation in 

I certain reipefts is fo obvious, that nothing more is 

required to obtain the knowledge of it, than to apply 
them to each other. For example; if a given 
Jaody be divided into part$> and the mutual rela- 
tion between the whole body and one of its parts^ 
with reipeft to magnitude, be dennanded, the mind 
P immediately conceives> with the cieareit and nooft 

abfolute certainty, , that the whole body is greater 
than its parts. If the particular body or magnitude 
in cotttea^ation be abftradted, or left out, the 
propofmon ^becomes general in <4us form,, viz. every 
m^nitude is gi^eacer than any^ part of the fame. 
This kind of ki«)wledge is catted intuitive, and the 
general. propofitions are termed Axioms. 

When it is required to deccnnine the muuial 
relatioi^ of two idcas> whofe agreenicnt or difagree- 
mtht canaot be injtuatively perceived, the truth may 
often be •ofataincd by die inteipofition of a chain of 
axionss. This metdiod of ahibitilig, :^ tndi is 
^rmad domcMi&ratbjiy and feems to foe applicable 
only to ideas of the quantities and pofisions of mag-* 
jiitiKies. jFor this rcafoi, it will be difficult to 
-give an eitample without having necourfe to the 
matheiTiatics. Th« ibllowdng wffl> however, be 
jeafily undeiAoad : 

Fig. I. i.et the two circles in the figure be 
fu{^fed ^quai^ and the circunsfercDce 'of each £(» 

pafs 



|aft through die cefiter of the other* Imagint the 
centcK to be joined by the right line ab, aftd 
tte lilies c Aj G B, to be drawn from one of jdic 
points where the circumferences intcrfedt each otheTj 
to the Centers rdpeftively. Then^ I fay, the lines 
A B, B c> c A3 will be equal each to each; 

'the denfionftratidn is as follows: 

'The Wohi circle fignifies a plane ^gurc^ con- 
tained under one Hne^ called the circumference, tb 
Which all right Jines drdwn td a dertain point with- 
in the figure, called the center, are equal. As 
foon therefore as it is undcrftood that the figUW 
A c D is a circle, and that the lines a b, c B, antf 
right lines drawn from its center to its circumfe- 
rence^ it is acknowledged intuitivelyi and Without 
further argiirrientj that thofe lines are equal. 

The fame reafbn in the circle bcb ttmtHf 
that the Ikies a b^ At^ are ^quali 

The liii^ ACj cBi being thiis prored to b* 
feach equal to the line ab^ are likewife equal to 
feach other i For it is an intuitive truth or ax:iom, 
that things ibqual to one and the fanne thing ait 
equal to eac^h other« 

, Tte Want of atxionis, arid the labbur of dertioft^ 
ftrationi are not the only impediments to the acqui-^ 
fition of knowledge; Since knowledge is converfant 
"With ideas only, it can be faid to poflefs reality with 
refpe^t to external objeftsj fo far only as thofe ideas 
<nay be taken or fubftituted for the things they 
teprefentj arid it is impofllble to deterittine how fat 
tiiisi fti^y be- done with propriety, evrfi? if it can be 

B a done 
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done at all. In referring from ideas to things wc arc 
liable to error, not only becaufe the compound idea 
of a being confifts of an aflcmblage of its proper- 
ties, which may be incomplete and inadeq\ia^, but 
likewife becaufe thofe ideas may even be quite 
different from any thing exifting in the being 
itfelf, as may be inftanced in the ideas of colour, 
found, pain, &c. The great perlpicuity and cer- 
tainty of mathematical knowledge arifes from the 
iimplicity of the ideas employed, and their not 
depending on -any external being : Tor, as this fci- 
cnce treats only of ideas, it is of no confequencc 
. to its truths, whether geometrical figures ever had 
an exiftencej it being fufEcient that their exiftencc 
is poffible. 

The greater number of our ideas being too com- 
plex and imperfeft to admit of intuitive conclu- 
fions or axioms, it is evident, that in general wc 
muft be contented ^yith lefs proof than demonftra- 
tion. Inftead therefore of endeavouring to obtain 
axioms by comparing ideas, we obferve events, . and 
from the contemplation of what has happened, wt 
form a prefumption of what will again come to 
pafs. Obfervatipn has fhewn us, that a certain 
event is always followed by another determinate 
events we fuppofe a relation to fubfift between them ; 
we imagine this relation to be neceffary j we diftin- 
guilkthe prior event by the nameofCaufe, and the 
Jatter we call the Effed:. This kind of knowledge;, 
which is not founded on reafoning, but oa experi- 
ence alone,' may be termed Analogical, and is much 

lefs 



lefs perfeft thanwhat- is obtained by^intuition or 
demonftration. That a i^one will defcend to the 
earth, is, an analogical propofition. It cannot be 
demonftrated : but, from the confideration of a vaft 
number o£ events of the fame nature, a degree of 
probability arifcs, which commands our affent. It 
IS clear, that analogical propofitions are no more 
than ftf ong probabilities, from the remarkable cir- 
cumftance, that their converfe does not imply: air 
abfurdity. To deny an intuitive or demonftrativc 
truth, is to affert an impoflibility j but to deny an 
analogical truth, is only to affert an improbability. 
The underftanding revolts at the affirmation, that tf 
part is greater than the whole bodyj but we fee no 
impoffibility in the affertion, , that a ftone, at fomc 
time or place, has remained in the air without a ten- 
dency to defcend ; this fuppofition being highly im- 
probable, but nothing more. In faft, demonftration 
is a colle6i:ion of truths or axioms ; analogy is a col- 
leftion of probabilities. Simple probabilities arc to 
analogy what axioms are to demonftration. Now, 
there is no companion in point of certainty between 
axioms j all being equally true; but probabilities 
differ exceedingly in their degree of credibility. 

Natural Philofophy, ftriftly fpeaking, admits of 
no other proofs than thofe of analogy. To give 
ftability to this fcience, it is neceffary to adrriit no 
probabilities as firft principles of analogy, but thofe 
which poffefs the ftrongeft and moft incontrovertible 
refemblance to truth. For this purpofe, the fol- 
lowing ruks arp adopted : 

B 3 Rule* 
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Rules of Philplpphizingt 

I. 
No iporc cwfcs of nan»r4 thinj? Qilght tp be 
admitted thw ^ true, JWid fufficicn.t 50 explaip the 

And thcrei&rtt efie^ of the ^m^ kia4 arc pfCK 
Axcfd by the fame cau&s* 

in. 

Xhofe qvjal^tics, who/? virtue csyi neither be 
^pq-eafed nor diixiiniijicd* and which are found ifl 
^j] bodie§ with which experiments can be made, 
9%lffi to t^e admitted a? qualities of all bpdies ii\. 
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CHAP. h 

OF MATTER ANp I7.S PROPERTIES. 

MATTER k known to m ojfiif \^ its pro- a 
perties. 

The common properties of matter $re extenlion^ 9 
impenetrability, inqrtia, attraftioiv motion, an4 
reft; all which, except the two laft, which cannot 
«xift together, are found in aH bodies i^hatfoever. 

It would be, perhaps, a fruitlefs attempt, to 
enquire whether thefe are the only qualities with 
which bodies are endued in common. Matter may 
poffefs oiany others, that our fenfes are not adapted 
to obferve, or which have hitherto efcaped tfec 
notice of Philofophers, But it is neceffaij to c 
obferve, that we are totally ignorant of the &b- 
ftratum in which thefe properties are united,. The 
eflcnce of matter is unknown to v$p We muft 
not, therefore, affyme one or more of thefe pr6- 
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pcrties as compofing that cflence itfelf j for errors 
t)f the greateft importance have arifen from this 
Iburce. 

V There are other propertieis, fometimes called 
^ecific> that are not found in all bodies > sts 
tranlparency, opacity, fluidity, confiftence, and 
the like. But thefe feem to relate to the figures 
or motions of the parts of bodies, and arc, there- 
'fere, referable to the generial properties. There 
are alfo feveral ipecies of ^ttradtion and repulfion, 
which will be attended to in their proper places. 

Here follow definitions cf the general propertietJ 
liK>vementioned. 

J Exten^on is that afFedion of matter by which it 
occupies part of Ipace. 

F ImpenetrabiUty, is that by which two bodie$ 
cannot exift in the fame place at the fame time. 

p Il^rtia, is that by which a bpdy refifts any 
forge impelling it to ^ change of ftatjSs i, e. of 
motion or reft. 

H Attraftion, is that by which one body conti- 
liually tend§ to approach to, and, if not by external 
means prevented, does approach to, another body 
or bodies. 

I Motion, is a continual and fucccffive change 
of place. Reft is the permanency or remaining 
pf 4 body in the fame place. 
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CHAP. IL 

M EXTENSION AND IMPENETRABILITY^ 

THE idea of extciifion is fo fiinplc» that it k 
cannot be defined. For though in the pre* 
ceding Chapter it was pointed out as that afiedion 
by which matter tKcupies part of ipace, yetj there 
can be little doubt but that the idea of exeenfion is 
itfelf antecedent to that of ipace^ and therefore not 
definable by it. In order to facilitate the confide- 
ration of thofe truths that relate to extended mag- 
nitudes^ geometers have^ as it were^ analyzed exten- 
fion. It is evident that exteniion implies form or h 
figure^ and figure muft be limited. The limit or 
termination of figure is called a fiufaccj or fuper- 
ficies. A fuperficies is likewiie limited^ and its 
termination is called a line. And the termination 
of a line is called a point. Now^ though it is clear, m 
that a fuperficies, a line, or a point, cannot exift 
feparate or apart from an extended being, yet, it 
is certain, that the ideas of them may be confi- 
dered diflinftly, without immediately referring to the 
other confequences arifing from the general idea of 
extenfion. In this lenfe mathemadcians define a n 
point to be that which has no' part, or is altoge- 
ther indivifible ; a line to be that which is length,* 
without breadth, or is divilible in one relpeft, 
namely^ of length ; a furface to be that which has 
pnly length and breath, or is divifible in two re- 
"fpc&s, namely^ of length and breadth 5 and a folid 

to 
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to be that which has length, breadth, and thicks* 
nefs, or is divifible in three reipcfts, namely, of 

length,^ breadth* and thicknefe. . . 

p Nq finite or imaginable divifion of a line can 
e¥er produce a point or indivtflble part. A line is 
diercfore divififcle into an infinite number of other ' 
lines, or fimikr parts, and confequently much morc^ 
is a fuperficies, and yetniore a folid. A mathematical* 
fblid, that is to fey, pure extenfion, is divifible to in- 
^ity : and if the elemoits of matter be of the fame 
nature as the aggregate they compole, matter is 
Kke^fe infinitely divifible. This being fuppofed,. 
die foMowing liieorems will be eafily underftood, 

p Theorem L 

Any cjuantity of matter, how finall foever, and 
any finite fpace, how great foever, being given 
(as for example, a cube circumferibed about the 
orb of Saturn) it is poflible for the fmall quantity 
of matter to be diffufed throughout ail that ipace^ 
and to fill it, fo that there Ihall be no pore or 
interftice in it, whofe diameter fhall exceed a giyeq 
finite line. 

Let the cube in qucftion be divided into foiaU 
cubes, wbofe fides fhaU each be equal .to half dv? 
given line. It is eafily feen, that the number of 
finall cubes will not be infinite. Imagine the 
quantity of matter to be divided into a number of 
parts equal to that of the fmall cubes, and.placc 
a particle in the ceoter of each cube. The whole 
fpace t^ill thu3 be fili<jd, wi the greateft diftancc 

between 



bftv^^Qi two ^jacem panicki, or, in other words^ 
ithQ di^^t^r c^ wy pore oruktqfticc^ will be lefs 

than the giyeij line, 

He^ce there may be given a body, whofe naancr, 
if it be reduced i^to » fpace abfolutely full| that fpac« 
may b^ wy given part of its former magoitudft* 

Theorem II. <l 

There may be two bodieji of equal bulk, whofe 
quantities q( m^er bciiig unequal in any propor^ 
fion ; yet the fum of their pores, or quantity of voi4 
i^ace in each of the two bodies, ihall be nearly kk 
the ratio of equaliity to each other. 

Jhii laft theorem k not fo obvious M the jor^ 
^er, but an inftence wijl r^nd/ar it ^^y. 

Suppofe one thoufend qubic inches of gold to coiH 
tain one cubic inch of matter, or, in other wond«^ 
wheajr^uced into a fpaee abfolutely full, to be equal 
to one aihic inch : then one thcMjfand cubic inchea 
of ^ watef wiij cootaia one nineteenth part of an inch 
of matterirfien reduced. Confequently, the void 
^aces in the gold will be nine hundred and ninety^ 
fiine cubic inches, and thofe in the water nine hun-> 
dred and ninety-rnine cubic inches, and ei^^teen 
nineteenth parts of an inch ; that is, they will be 
nearly in thp ratio of equality^* 

Yet, the adual diyifibility of matter can pro- r 
jiiably be carried hut to a certain degree. The ultl- 
inate particles of bodies, it is moft likely, are not 
fo be altered by any force in nature. But there 

♦ Gold is nineteen times as heavy as water. 

I are. 
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are, neverthelefs, many iiiftanccs which (hew t# 
what inconceivably minute parts bodies may be 
aftiially divided, 
s A grain of leaf-gold will cover fifty fquare 
inches, and contains two millions of vifible parts j 
but the gold which covers the filver wire, ufed in 
making gold lace, is Ipread over a furface twelve 
times as great. 
T In making this wire, it is ulual to gild a cylin- 
drical bar of filver ftrongly, and afterwards draw it 
into wire by pafling it fucceffively through holes 
<^ various magnitudes in plates off fteel. By this^ 
means the furface is prodigioufly augmented ; not- 
withftanding which, it ftill remains gilt, fo as to 
preferve an uniform appearance even when exa- 
mined with the microfcopc. The quantities of gold 
and filver, and the dimenfions of the wire, arc, 
known. With thefe data it is cafy to calculate and 
from calculation it is proved, that fixteen ounces 
of gold, which, if in the form of a cub^, would 
not meafiire one inch and a quarter in its fide, will 
- completely gild a quantity of filver- wire fufficient 

to circumfcribe the whole globe of the earth. 
u Thf animalculae obferved in the milt of a cod- 
fifli are fo fmall, that many thoufands of thenx 
might ftand on the point of a needle. 

Suppofing the globules of the blood in thefe 
animalcute to be in the fame proportion to their 
bulk as the globules of a nrwi's blood bear to his 
body, it appears, that the fmalleft vifible grain of 

fand woujd contain more of ^efe glob\ile;5 than 

103256 
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io>256 of the largeft mountsuns in the world would 
contain grains of land, 

Thefe inftances may ferve to fhcw the amazing v 
finenefs of the parts of bodies, which are nevtrtheleis 
ftill compounded. Gold, when reduced to the thin- 
heft leaf, ftill retains thofe properties which arife 
from the modification of its parts. Microfcopic 
animalculse are without doubt organized bodies, and 
the globules of their blood are poflefled of Ipecific 
qualities. Even the rays of light arc compounded 
of an almoft infinite variety of particles, which, when 
. feparated from each other, exhibit the powers of 
exciting ideas of ^gplours. Nohe of thefe are the 
ultimate particles of which all bodies are formed, for 
they all bear evident marks of compofitioiu How 
inconceivably fmall then muft thofe particles be ! 

To thefe ultimate particles alone it is, that im- w 
penetrability can be attributed. Penetration takes 
place in all compounded bodies. Water exifts in 
the pores of wood. Air in the pores of water. 
Quickfilver in die pores of gold, &c. &c. 

Some philofophers have queftioned whether im- x 
penetrability be really a property of matter ; and it 
muft be conferred, that, notwithftanding this idea 
is fo clofely connefted in the formation of our com- 
pound i^a of matter, yet, if we examine from 
when(;e-'pie notion is originally obtained, wc Ihall 
find that our knowledge is much lefs certain than 
we may have fiifpefted. 

To make this clearer, we muft confider that our t 
notion of impenetrability is derived from the fcnfe 

of 
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t£ feelings Wc m&ft Ae kA^d towards ^ Wy/ 
and in fituarions where motion is rtot generated, it is 
prevented by diat body (torn going forward ; from 
whkh we conclude^ that th* body poflijffcs a part 
of <pace CO the cxclufion of every odief body -, that 
is to fay, that it is impenetrable. 

But, in order to juftify this coiiclufion, it is 
occeffary that we Ihould be certain that it is the 
body itfclf, aftually occupying fpace, which refifts 
the preffure ; and of this we cannot be affured, 
fince we obferve many inftances in which bodies 
afford refiftance to other bodies which move in 
ipaces at fome diftance from the refitting bodVi 
Thus, the loadftone, in certain circumftances, refifts 
die motion of iron which approaches towands it; 
ami there is no doubt but this refiftance or repul- 
fion, if exerted on any part of a man, would afford 
a fenfation fimilar to that which arifes from con- 
ta6k* If the man had not fight, or fome other lenfe 
to perceive that the refifting body was really diftant, 
he would, from the fenfe of touch, conclude thit 
the body was in contaft with the part perceiving; 
and, if any force he could produce were infufficient 
to overcome that refiftance, he would conclude tht 
body to be impenetrable. 

Now, by fcveral experiments, which we Ihall 
have occafion to mention in die courie of this 
work, there is the higheft reafon to conclude, that 
all bodies exert a repulfive force on each other, 
and that the common tfFefts whicK are attributecJ 
to conta<5i: and collifion are produced by this repul« 

fion:- 
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fton: And, i£ fo, why not jOtribuiie ail cfTeds of 
the fime natore to this caufe, which we ki!ow eiufts^ 
inftead of ru{^)ofing an impenetrability that can , 
never be proved? 

If the force of repulfion be fufficieiitly ffrtalt^ it e 
may not be in the power of" any natural agent to 
overcome it, and, confequcntly, all the efiefts of 
a real impenetrability will take place^ though the 
fubftratum or matter itfelf may not be impenetr^e^ 
or even extended. 

It is not in our power to determine, whether c 
impenetrability or extenfion be efTentially nc- 
ireflary to exiftence* For the extenfion of the 
elements of matter feems capable of no other proof 
than what may be drawn from their impenetrability; 
and experiment cannot decide, becaufe a finite 
fHrefTure can only prove the readioa of a finite refift-- 
ance* 

The queftion dierefbre is, whether it be more d 
probable, that the pardcles of matter are beings 
pofiefied of a finite power of repulfion, which pre- 
' vents their mutual approach^ but does not render 
mutual poietration or coincidence in the fame part 
of {pace impofiible, on the application of force 
ijjMfiicient to overcome that repulfion; or wheth^ 
j|{icy be impenetrable atoms^ whieh> coniequendy^ 
luuft refill fuch coincidence with an infinite (orcci 

Here we muft attend to the fads. If the repul- b 
£on continually increafed as the diftance of the 
bodies decreafed, we might conclude, that it was 

the only caufe of the apparent impenetrability of 

bodies; 
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bodies ; but> as in the loadftonei there is ai certain 
finall diftance at which repullion ceafes, and attrac- 
^t;on takes place,* {o in cortipreffing bodies together, 
widi a certMi degree of prcffure, the diftance is 
at lenph diminiihed fuffidendy for the bodies to 
adhere. The phenomena are probably fimilarj 
but, at all events, the cohefion of the parts of 
bodies fhews a ntiutual attraction ; and it is not eafy 
to explain why the parts Ihould not mutually pene- 
trate and coincide, when the repulGon on which 
their impenepability was fuppofed to depend has 
ceafed, and given place - to attraftion. And on 
this account, the doftrine of impenetrable atoms 
(eems the moft probable. 

This, however, fuppofes the impenetrable par- 
ticles to come into contaft, where attraftion has 
taken place. But it is certain they do not. Fw 
things in abfblute contad: cannot come nearer 
without penetration, and cold is known to diminilh 
the bulk of bodies; or, in other words, to bring 
their parts nearer each other than before. This con- 
traftion is greater, the greater the cold. Without 
enquiring into the nature of cold, we may therefore 
prefume that the utmoft poffible cold would either 
bring the impenetrable particles into abfolute co% 
taft, or caufe the body to vanilh by the mutliJ^| 
penetration of all its elements. Thus, the original 
queftion returns. to us, and the only remaining argu- 
ment feems to be ■ If by the firft rule of philoio- 
phizing ( 6 ) we are to admit no more cauleS of 
natural things than are fufficient to explain the 

2 phenomena 
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phenomenal and we know that a ipheit of repiil-- 
fion exifts as the proximate cau& of our ideas of 
impenetrability and extenfion^ why fliould we add 
to this an extended atom exiiling in the center of 
the fphere of repulfion? 

The quantity of matter in die univerfe is much o 
lefs than is generally imagined. This may be 
deduced * from what has been faid already on this 
fubje£t i but more elpecially from the properties of 
traniparent bodies. Light paffes through thefe in 
ail direftions without the leaft difficulty. The focus 
of a burning mirror, which augments the deniity of 
the fun's rays upwards of three thoufand times, 
may be received in the bodies of glafs or water, 
without producing any efFefti fo far are the par- 
, tides of thofe fubftances from impeding thepaflage 
of light. And the bottom of the fea has been difco- 
vered at a greater depth than fixty feet. It is not 
improbable that the real matter in a fmall piece of 
glais may bear a lefs proportion to its bulk than 
that bulk does to the whole earth. Whence the 
eleftric matter paffes with an unmeafurable veloci- 
ty through the pores of gold and other bodies, and 
the' magnetic power exerts itfelf undiminilhed 
through all fubftances, iron excepted. 

To render the pgfiijbijity gf thh more evident H 
Jet a body be. fuppofed to be fo conftrufted, as to 
jhave as much vacuity as matter i then half the body 
would bei.yacuou$. Suppofe the particles of which 
ft is compofed to be conftruftjed in the i^e man- 

Vol! I. C ncr> 
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ncr; then the vscuity becomes three-fourths of the 
^ace occupied by the body. Again^ let thefe laft 
mentioned p^cles be conftrufted in the fame man- 
ner; the vacuity will then be feven-eighths. And 
the feries being carried forward to the tenth order 
of particles, the vacuity will exceed the matter one 
thoufand and twenty-three times* 



CHAP. III. 

OF THE INERTIA, AND MOTION OR REST. 

IT is chiefly from the inertia that we obtain a 
knowledge of the relative quantities of matter 
in bodies. The quantities of matter in bodies 
abfolutely limilar in compofition, are determined 
by their extenfioni but in diffimilar bodies the 
ratio does not hold. Now, in bodies fimilar in 
compofitioh, we obferve that the inertia follows 
the proportion of the extenfion, that is, by reafon 
of the (imilarity; the proportion of the mafs of 
rnatters and from thence, by applying the propor- 
tion of the inertia to diflimilar bodies, we obtain a 
knowledge of their mafles. Thus, for example, 
the quantity of matter in one cubic inch of gold is 
as I, in two cubic inches as ?, in three cubic 
inches as 3, and {o forth : this we gather from the 
extenfion, and alfo from the ioertia, l)9th which, in 
this cafe, follow the fame proportion. But if a 
cubic inch of copper be added, though the exten- 
fion be augmented as i> yet the inertia increafes 
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only as i j therefore, either the extenfion or the 
inertia is not the proper meafure of the mafs; 
and, as we can more readily coifceive that the 
extenfion^ or fpace occupied tvidiin the eadiemal 
limits of the body, may^ by porofity in the body^ 
ceafe to be the meafure, than that the inerda of the 
ultimate parts of matter fhould vary ; we conclude^ 
that the quantity of matter is as the quantity of the 
inertia J though it muft be allowed that neither 
pofition is phyfically demonftrable^ 

The inertia of matter being that by Which it k 
refifts any change of ftate with regard to motion or 
reft, is meafured by the force which is required to 
produce a given change ; that is to fay, the force 
required to give a certain degree of velocity to a 
body at reft a, containing ten parts of matter, is 
five times as great as would produce the fame effeft 
on a body at reft b, containing two parts. ^ 

This force in a moving body is called the quan- l 
tity of motion, or momentum, and is meafured by 
the mafs of matter multiplied by the velocity; for 
the whole motion of a body is the fum of the mo- 
tions of all its parts. Therefore, in the laft men- 
tioned inftance, the body a moves with five times 
the force that b moves with, though the velocity is 
the fame in both. But if the velocity of b were to 
be augmented five times, the quantities of motion 
wowld then be equal -, that of a being expreffed by 
lo, multiplied by i, and that of b being expreffed 
by 2, multiplied by 5. 

C a Motion 
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Motion and reft are diftinguilhed into s^folute 
M and relative^* Absolute motion is the removal of a 
N body &om one part of ipace to another. Relative 
{notion is a fucc^fliye change of fituation with 
refpeA to another body^ though that body may not 
be at reft. Thus, a man fitting in a barge in 
inotion, is relatively at reft, that is, with refpeft 
to the parts of the barge : but abfolutely in mo- 
tion 5 being removed, with the veffel, from one 
part of fpace to another. On the contrary, the 
bargeman, who iixes a ftafF in the ground, .and 
gives motion to the barge by walking along its 
gunwale, is abfolutely at reft, for the ftaff againft 
which he leans is fixed; but relatively in motion> 
fince, with rdpeft to the veflel, he walks from 
one end to the other. But if the earth be fiip- 
pofed in motion, the abfolute motion of the barg^ 
and its contents will be compoiinded of its relative 
motion, together with the abfolute motion of the 
earth. ' 
o There is another diftin£tion in motion, by which 
. it is called apparent or angular, and which depends 
on an optical fallacy. Thus, .to an eye at e, (fig. 
a.) a body which moves from c to d, or from f 
to G, will apparently dcfcribc the line a b, though 
the real motions are very difierent. And if a body 
move, either direftly towards, or direftly from, the 
eye, it will be apparently at reft^ It is true, that, 
from other circumftances, we have acquired the 
habit of .diftinguifhing different motions which are 
made obliquely to the eye^ but where thofe cir- 
cumftances 



f 



LA^*S OF MOTIOK, «I 

cumftances are wanting, as b the heavens, it 
requires no finall degree of attention to diftinguilh 
the real from the apparent motion. * 

Experience proves, that the three following \xws 
are fufficient to account for all the {di^ncMnena of 
motion. 

Law I. 

Every body continues in its ftate of reft, or of p 
uniform motion in a right line, unlefs compelled to 
change that ftate by forces imprefled. 

For matter at reft, being endued with no power of 
rtioving itfelf, would remain to for ever, unlefi 
impelled by fome external caufc. 

We have alfo daily proofs, that a body in mo- 
tion will continue to move uniformly in a right line, 
unlefe prevented or diverted by ibme other agent. 
The refiftance of the air, and the force of gravity, 
in a Ihort time dcftroy the motion of all projeAiles,* 
which otherwife, by the vis inertia?^ would continue 
for ever. 

Law II. 

All change of motion is in proportion to the ^ 
force imprcffed, and is made in die line of direction ^ 
in which that force is implreffed. 

For if any force produces motion, a double force 
will produce a double quantity, and a triple force a ' 
triple quantity, whether it be impreifcd all at once, 
or by fucceflive impulfes. And this motion, fince 
it always has the fame direftion as the generating 
force, if the body be already in motion, either in-" 
creaies the fame, by conlpiring therewith, or dimi-^ 

C 3 nifties 
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niflies it by oppofition, or is added to it obliquely, 
being compounded with it according to the dircftions 
of the two motions. 

Law III. 

Aftion and reaftiqn are always equal and con- 
trary; or, the mutual aftions of two bodies arc 
always equal, and in contrary direftions. 

Thus, if a ftone be preffed by the finger, the finger 
is equally preffed by the ftone. If a horfe draws 
a ftone, the ftone draws the horfe equally back- 
wards, for the rope is equally flretched towards 
both» If one body impels another, it will itfelf 
fuffer an equal change of motion by the reaftion 
in a contrary diredtion. If the loadftone attract 
iron, it is itfelf. equally attrafted, and both are at 
reft, when they come together, which could not 
bp if they did not prefs equally. By this means the 
changes of njotion, though not of velocity, are 
always equal. 

To illuftrate this yet more. Suppofe a horfe 
proceeds with a quantity of motion expreffed by 
the number 3, and that it would require a force 
equal to % to move a certain ftone. The horfe 
then drawing, proceeds with ^ fprce equal to i> 
t\\t reaftion of the ftone deftroying a3 ipuch force 
as die aftion communicates to it, 

From thefe laws the following corollaries are 
cafily deduced, which may be applied to folve all 
the effefts which can be produced by the mecha- 
nical powers, 

COROI,^ 
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Corollary I. 

A body impdled by two forces a&ing in the s 
direftion of the two fides of a parallelogram will 
defcribe the diagonal in the fame time as^ by the 
a6tion of one of the forces, it would have dcfcribed 
<Mie of the fides. 

A body at a (fig. 3.) would be carried with an 
uniform motion in a given time to b, by the finglc . 
force M impreflfed at aj and by the fingle force , 
N, imprefled at the fame place, would be carried 
from a to c: complete the parallelogram abdc, 
and by the combined forces, it will be carried in the 
farne time in the diagonal from a to d. For fincc 
the force n afts according to the direftion «f the 
line a c, which is parallel to b d j it will, by 
^ Law IL in no relpeft alter the velocity of approach* 
ing to B D, which was produced by the other force. 
Therefore, the body will in the fame time arrive at 
the line b d, whether the force n be impre0ed or 
not; and at the end of the time will be found 
fomewhere in the faid line b p. By the fame man- 
ner of arguing, it will at the end of the time be 
found fomewhere in the line c d, which muft of 
confequence be in that place where they interfeft 
each other. Its motion will be in a right line by 
Law I. 

Corollary IL 

Hence alfo appears the compofition of a dired^ 
force AD, (fig. 3.) from any two oblique forces a b 
, and B p, and on the contrary, the refolution of a 

C4 dircft 
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direft force into any two oblique forces, ab and 

BD* 

The laws of motion being obvious deduftions 
from the phenomena around us, are confirmed by 
every mechanical, effeft we fee produced. In ,the 
confideration of forces, it is very often convenient 
to regard them as if compounded of two or more 
forces, as will be (hewn in the cnfuing feftion of 
this Book. It is clear, that any given motion or 
force A D may be produced by any pair out of an 
indefinite number of pairs qf forces that may be com-? 
pounded together; for example, a c and a b, or af 
and AE, ori generally, by any two forces, whofe 
quantity and difeftion may conftitute a parallelo- 
gram, tlaving A D for its diagonal. In this parallelo- 
grarn are fix things, namely, the direftions of the 
two compounding forces, and of the compounded 
force, and alfo their relpeftive quantities. And if 
any four of thefe be known, the other two may eafily 
be found, by completing the conftruftion c^f the 
figure. 

COROtLARY III. 

V The quantity of motion which is obtained by 
taking the fqm of the motions made in the fame 
direftion, or the difference of thofe made in con- 
trary directions, is riot changed by the mutual 
aftion of the bodies. 

For aftion and rea^ftion being equal, by Law III, 
(22, r) will therefore occafion equal changes in 
the motions, but in contrary direftions. Confe- 
quently, if the motions arc both made in the farne 

direftion;, 






t 



ATTItACTION. tg 

^leSdpn, whatever is added to the modon of die 
impelled body muft be fubtra£bcd firom that of the 
impelling body, and the fum will remain the fame. 
But if the bodies meet dire£Uy, the quantity of ntx>- 
tion deftroyed being equal in each^ the difierence 
of the modons niade in contrary directions will 
remain unchanged. 

CHAP. IV. 

OF ATTRACTION, CONSIDERED GHIEFLV AS A 
POWER THAT GENERATES MOTION. 

^'^H£ forte which tends to bring bodies to- v 
getherj without any hitherto difcoverable im- 
pillfe, is called attraction. Whether the various 
kinds of attradtiori that faU under our obfervation 
may be referable to one common immediate caule, 
cannot yet be determined. The third rule of phi- w 
loibphizing (6) authorizes us to reckon it among 
the properties of matter; and whether we ihall ever 
proceed fo far as to difcover, that it is iecondary 
to ibme other iliore remote property, muft depend 
on future refcarches. It feems clear, however, x 
that it is not deducible from any of the properties 
we have enumerated, (7, b) and confequendy that 
all fuppqfitions relpedting the circulation of efflu- 
via, are miere words without meaning* 

The feveral kinds of attraftion are, the attradion y 
pf gravitation, or gravity j .the attraftion of cohe- 
fion; the attra6tion of combination, or chemical affi- 
nity; the attraftion of magnetifm, and the attradtion 

of 
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of dcftrizcd bodies. In this place we arc to cbnfi- 
der only die attraftion of gravitation as a power 
that generates or produces modon. 

2 Gravitation is that force by which bodies *fall to 
each other. The vicinity of the earth, which ftrongly 
attradfcs every thing to itfelf, prevents its efFeds be- 
tween fmaller bodies from appearing; but the 
attradion of the mountain of Schehallicn in Scot- 
land, upon the ball of a pendulum was found by a 
very acc\irate fet of obfervarions to be confiderable, 

A This power is found to adt on all bodies, at any 
given place, precifely according to the quantity of 
matter in each, which is difcovercd by the vibra- 
tion of pendulums, thus. Let the two unequal 
bodies a and e (fig. 4.) be fulpended by threads 
of the fame length, and be let fall at the fame time 
from the points a and e, in the arcs a c and 
£o, which ar« at equal diilances from the two 
loweft points d and h. Then the vibrations of 
each will be performed in equal times, vand confe- 
quently the velocities will be equal. Whence the 
quantity of motion in each, being the produft of its 
mafs of matter multiplied by its velocity (19, l) 
will be in proportion to the mafs of matter in e^ch. 
But (21, q:,) the force producing motion is in pro- 
portion to the quantity of motion produced.- There- 
fore, the force of attraftion is in proportion to the 
quantities of matter in bodies. 

B This likewife appears in falling bodies, all which 
being let go from equal heights, how different fo- 
^er in weight, arrive at the ground in the fame 

time. 
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tone, that is^ with quantities of motion in pix^r* 
tion to their rcipedtive quantities of matter. 

The reliftance of the air is not here confidered^ 
for the fake of perfpicuity, though it very lenfibly * 
impedes all motions performed in it. A guinea will 
arrive at the ground in lefs time than a feather $ but 
in the receiver of an air-pump, out of which the air 
is cxhaufted, they both fall in the fame time. 

Gravitation a£b on all bodies at all times^ and c 
that equally, whether in motion or at reft, as is evi- 
dent from the velocities of falling bodies, which are 
uniforinly accelerated during the whole of their 
courfe- That a force conftandy and equally afting, d 
will produce an uniform acceleration of velocity, is 
plain, from the following confideradons. Supped 
a body a, begins to move, by the impulfe of gra- 
vity impreffed at that inftant, with a velocity expref. 
fed by the number i, the next inftant another 
impulfe will generate a velocity equal to the former. ' 
It will therefore move with the velocity i, and at the 
third inftant with the velocity 3, &c. for the preced- . 
ing velocities are not in any relpeft diminiihed or 
akered by the (ucceeding knpulfcs (21, q^). If then 
the inripulfes are equal, and equidiftant in time, the 
generated motion will be uniformly accelerated ^ and 
the velocity^ which ift this cafe may be confidered . 
as the motion, for the mafe of matter does not alter, 
will be in proportion to the time; that is, if the velo- 
city in 5 inftants be expreflcd by 5, that produced 
in 10 inftants will be 10, &c. This holds good, 
let the nun^er of impufes in a given tinne be ever lb 
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great. Biit the number muft here be confidered as 
infinite, for the force ceafcs not to aft for the leaft 
p<Mtion of time, and therefore the acceleration con^ 
tinues unifomily through every part of the motion. 

The Ipace defcribed by an uniformly accelerated 
motion in a given tinnie, may be conceived to be the 
fom of an infinite number of (paces produced by a 
like number of uniformly increafing velocities. 
Thefe fpaces will be as the velocities by which they 
arc defcribed. Therefore, as the fum of the num-^ 
bcrs expreffing thp velocities in any given time is to 
the lum of the numbers expreflTing the velocities in 
any other given time, fo is the fum of the Ipaces, or 
whole ipace defcribed in the firft given time, to the 
furti of the Ipaces, or whole Ipace defcribed in the 
other given time. But the fums of the velocities, 
fcH* any terms of time taken from the beginning of the 
motion, are to each other as the fquares of the times. 

For the times uniformly increafing from the be- 
ginning, may be exprcfled by the natural feries of 
numbers, v, a, 3,4, 5,&c. &c. The velocities, and 
aHb the correlpondent fmall Ipaces, may be exprefied 
by the fame feries, becaufe they are both in the fame 
ratio of the times. The whole time of defcription, or 
the fum of theinftants, will be denoted by the number 
pf terms, or, which is the fame in this feries, by the 
laft term. And the whole Ipace defcribed, or fum of 
the fpaces, will be denoted by the fum of the terms. 
Now, all arithmeticians teach, that twice the fum of 
fuch a feries is equal to the number of the temis added 
to unity, or i, and multipliedby the laft term. But, 

bec^ufc 
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becaufe the initants contwied in the given Qme 
have been affumed infinitely finall, the number of 
terms in the feries will.be infinitely great, and con- 
fequently the addition of unity to the number of 
terms will not caufe anyifoiite augmentation. Re- 
jcfting therefore the addition of unity, the doublq^ 
fum of the terms w^llbe eqiu^l to the number of 
ferms multiplied by the laft twn, or, in this feries, 
to the laft term multiplied by itfelf, that is, the 
fquare of the lail term ; and becaufe halves sixc as 
their wholes, the fum pf the terms will be in tbe fknc 
ratio* But the fiim of the terms ejcpreffes the whole 
fpace defcribed, an^l t|ie laft term denotes either the 
whole time, or the laft acquired velocity. Yfhfi^cc o 
the Ipace defcribed from the beginning of an piu* * 
. formly accelerated motion is as the fquare of .tb$ 
time, or as the fquare pf the laft acquifcd velocity* 
Which^ was to be proved. 

If the acceleration ceaies at .the end of any given h 
tirpc, the motjon wUl become uniform with ihe laft 
jftcquired velocity, and the fpace defcribed in an equal 
term of time will be double that which before was ,de- 
lirribedfrom the beginning by the accelerated potion. 
For the fpace defcribed in any fingle mftant .of tho 
time by the l^ft acquired velocity will be expreffixi 
by the laft term of the juft mentioned feries : and rixcj 
whole fpace defcribed will .be equal to this ^p^ 
multiplied by the number .of inftants. But the time 
or number of inftants being equal to the preceding^ 
time of acceleration, will be expreffed by the nuni- 
Ijcr of i^nm> 9r, in this Xerics, By the laft term. Tlic 

Ipace 
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Ipacc dcfcribcd will be therefore exprefled by the 
laft term multiplied by itfelf i that is to fay, it will 
be the doyble of tjie IpaCe defcribed by the accclc- 
rated4iiotion in an equal time. 

When it is faid that a number denotes any mag- 
nitude, it is to be underflood that the number is 
part of a ferics, whofe terms vary in a ratio always 
correfpondcnt, or equal to the ratio of the magni- 
tudes denoted; that is to fay, the ratio between any 
two terms of the feries is always equal to the ratio 
between the two magnitudes that correfpond to 
thofe terms. In this fenfe, any magnitudes, how- 
ever unlike, may reprefent each other. Here fol- 
lows a geometrical demonftration of the foregoing 
propofitions, in which lines are made ufe of in- 
ftead of numbers, 

In the triaingle a b c, fig. 5. let the equal divi- 
fions A, 1,2, 3, &c. on the fide a b, reprefent equal 
parts of the time of an uniformly accelerated motion. 
Then the parallel lines, i d, 2 e, 3 f, &c. may re- 
prefent the velocities at the feveral inftants, i, 2, 
3, &c. for they are in proportion to the times a i, 
A 2> A 3, &c. And in like manner for any other 
tpart of the time as a m, the velocity generated will 
be reprefented by its correlpondent ordinate m n. 
And the fum of the ordinates correlponding with 
any part of the time will reprefent the fiim o( the 
velocities. But the fum of the ordinates, when taken 
indefinitely numerous, may be conceived to occupy 
the area contained between the ordinates of the firft 
and laft inftants of the time. And theft areas, 

when^ 
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when taken from the beginning a^ are as the fquareg 
of the times a i, a2, aj, &c. or of the velocities 
I d, 2e, 3f, &c. by the property of funilar figures. 
Therefore the fums of the velocities, and conie- l 
quently the fpaces defcribed in any given terms of 
time taken from the beginning of an uniformly acce- 
lerated motion, are to each other as the fquares of 
the times, or of the laft acquired velocities. Hence li 
it likewife appears, that the ipaces defcribed in equal 
fucceifive parts of time, are as the areas contained 
between a and id, id and 2e, ae and 2^^^^* 
which areas are to each other as the odd numbers 
I, 3, 5, 7, 9, &c. as appears by infpedion from the 
number of equal and fimilar fmall triangles con- 
tained in each. 

Again, fuppofe the motion at the end of the time n 
A B to become uniform with the laft acquired velo- 
city BC. Complete the parallelogram bdec, making 
B D equal to a b, and the ordinates i i, 2 k, 3 1, &c. 
will denote velocities, and confcquently Ipaces de- 
fcribed. Their lum will exprefs the whole fpace 
defcribed in a time equal to a b, and will be denoted 
by the area b de c. 5ut this area is equal to twice 
the area abc Confequently the Ipace defcribed o 
by an uhiform motion with the laft acquired velo- 
city, dtiring a time equal to that of the acceleration 
from the beginning, will be double the fpace defcribed 
by the accelerated motion. 



it will be readily evinced, that an uniformly re- 
tarded motion is exactly the reverfe of a motion uni- 
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formly accelerated. For fuppofe a con(bt|it force 
a£ting againft a body in mption;. as^ for exampk, 
>gravity a6ting againft the motion of a body pro- 
jedted direftly upwards, it will deftroy an equal part 
cf the initial velocity in an equal particle of time. 
Now, if thefc equal dedudlions be called unities, and 
he fucceffively taken from any number wjiatfbever, 
till the laft remainder be nothing, it is evident that 
the feries of remainders will be the natural num- 
bers I, a, 3, &c. in ^ reverfed order, and every 
thing that was proved of the times, ipaces, and 
velocities (28, f. 30, k), or of the parts of the 
triangle a 3,0, fig. 5. will be true, mutatis, mutandis, 
that is to fay, 
Q^ In the fame body in motion, and retarded by a 
conftant and equally afting force, the Ipaces de- 
icribed in coming to reft, are as the fqu2tres of the 
It initial velocities (29, g. 31, x), or, as the fquares 
s of the times during which they are defcribed. And 
are equal to half the Ipaces, which in an eqyal time 
would have been defcrilped by their relpe<f}:ive initial 
velocities uniformly continued. 
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IMPULSE. AttRACTlON. .•» jgj 

C H A p. V. 

Bf the PRODVCTIOM) caMMUNICATIOKj OR 
DpStRUCtlON OF MOtlON. 

MO T I O N is produced J deftroyedi or changed t 
in a body> eidier by the.impulfej collifion^ 
br ftrokc of anodier body in motion, or by die force 
bfattradidn. Repulfion being iaimediateiy the con- u 
trary to attraftion, and not being perhaps fiifficiendy^ 
general and univerfal (6) to be admitted as a com- 
mon property of body, need not be here confidered: ' 

We do not know whether the diftinftion be- V 
tween impulfe and attradion be real, and exifting in 
the nature of things, or only relative to the imper- 
fe£t ftate of our knowledge. The mod obfervable w 
difference is, that impulfe is a force which a6fcs from 
place to place, orj in other woids^ cannot be with- 
out motion : but attradion can exert itfelf even 
though no motion is produced. 

To exemplify this, fuppofe two bodies tQ meet x 
direftly with equal quantities of motion i the effeft 
bf the ftroke will be^ that the whole morion will be 
deftroyed, and the bodiei will remain together. The 
: forces will likewife be deftroyed,. and the bodies may 
be moved apart j each with the fame facility as if the 
other did not exift. In this cafe^ "Wc have fuppofed - 
no attraction to be exerted by them on each other. 
But let it now be fuppofed, that their motion^ inftead 
bf being unifonn, and the confequence of their 
inertia; is produced^ by a^ muttial attradion- They 
tome together^ and the motion is deftroyed as be- 

Va^L. I. D fore. 
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fore. But the force of attraftion, by which they 
were originally put in motion, remains, and is exerted 
in prefling them againft each other. 

y The fmalleft fihite impulfe can overcome the 
greateft finite preflure. For, let any preffure be 
foppofcd to produce acceleration, and the body, 
when in motion, will have more force than v/hea it 
was merely preffed. In its acceleration from reft, it 
muft pafs through every poffible velocity left than 
the yelocity laft acquired. Let the impelling body 
have a nwmentum exprefTed by the product of its 
mafs into its velocity (19, l). Whatever produdt 
this may be, it is poffible to aflume a period of the 
acceleration of the body preffed, in which its velo- 
city Ihall be fo fmall, as that its produdt into its 
mafs fhall be ftill lefs. And it has already been 
faid, that the force of mere preffure is yet lefs than 
this. Confequently, it is lefs than that of the 
impulfe. 

2 From this it is inferred, if two bodies, perfedHy 
hard, or unyielding, were to ftrike each other with any 
velocity, that they would be broken to pieces, provid- 
ed the cohefion of their parts were lefs than infinite. 

A But if the. cohefion were infinite, it is prefumed that 
the communication or deftrudion of motion would 

B be inftantaneous. However, there are no fuch 
bodies found in nature, and very confiderablc diffi* 
culties arife in the abftraft reafbning concerning 
them. 

c There appears to be the fame relation between 
preffure and fnonqiefltum as between a line and a 

" forfacc* 
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fiiiface. In Ibme rdpefts, the firft may be faid to 
generate the latter. Both are capable of increafe or 
diminution, and yet no increafe or diminution of the 
one can produce the other. 

That preiflure, which gravity caufes bodies to D 
exert againft any obftacle'interpofed between them 
and the earthy is called Weight. We have already 
taken notice of its effeft when free to prpduce an 
uniform acceleration in falling bodies (26, abc),^ 
If its power could be increafed or diminiflied^ it 
would proportionally increafe or diminifh the mo- 
mentaneous velocities and fpaces, (28, e) and conie- 
quently the whole Ipace paffed through in a given 
time; that is to fay, conftant jfbrces are as the fpaces ? 
pafled through by acceleration in a given time, or 
as the laft acquired velocities. 

When the effeft of any Iretarding force is confi- f 
dered (31, p), the force will, in a given time, be as 
the-whplc Ipace defcribed during the retardation, ti|l 
the motion is deftroyed, or as the initial velocity. 

Let two accelerating forces be to each other in 
any ratio, the laft acquired velocities will (35, e) be 
in the farpe ratio. Imagine the lefs motion to be 
continued till its laft acquired velocity becomes 
equal to that of the other, and the whole time 
(27, d) ^ill then be to the former time as the greater 
velocity to the lefs, or inverfely as the forces ; that 
is, ^e times required to produce equal velocities o 
^c invei^ly as the accelerating forces. 3ut the 
fpaces d^:|ibed in equal times are as the forces 
(35> »)• Whence the fpacei§ deftribcd in any other 
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times will be as the forces and the fquares of the 
times (29, g) jointly.- But when equal veloci- 
ties are produced, th^ fquares of the times will be 
inverfely as the fquares of the forces {2S> c)- 
< Therefore the {paces in this cafe will be as the forces 
direftly, and the fquares of the forces inverfely, or 

H inverfely as the forces; that is, .the fpaces pafled 
through in producing equal final velocities are in- 
verfely as the accelerating force:?. 

1 When the efFeft of a retarding forcfe is c'onfidered 
(31, p) the Ipaces paffed through in deftroying 
nwtion are inverfely as the retarding farces, when 
the initial velocities are equals 

i^ If a body be afted upon by a c'oriftant force, 
and its mafs be either increafed or dimftniflied, with- 
out altering the force, the cfft6t will be the fame 
with refpeft to acceleration or retafdation, as if the 
force, without changing the body, were diminifhcdf 
or increafed iii the inverted ratio of* the mafs. For 
the force being fuppofed invariable, will always- 
produce or deftroy the fame qifaritity of motion 
(21, Q;.) in a given time. This quantity will be 
meafured by the produft of the mafs into the ve- 
locity (19, l). And that this pfoduft may con- 
tinue unaltered, it is neceflary that the velocity- 
ihould dlmlirrifli in the faine proportion as the mafs 
is increafed, and the contrary ^^ 

L* A body impinging with different velocities' on 
tallow, clay, timber, arid fome other fubftances, 
penetrates to depths in the fame fubftance which are- 
as the fquares of the initial velocities; Whence it^ 
- - followsjr 
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fellows, {32, qJ) that thefe fubftanccs oppofe a con- 
llant and invariable force of retardation againft the 
motions of given bodies. 

Suppofe a body to irapinge on an uniformly re- 
lifting fubftance^ if the initial velocity vary only, it 
will penetrate to depths which arc as the fquarcs of 
the velocities (32, o^). Butif themafs (not magni- 
tude) vary only, the confequence will be the fame as 
if the retarding force had varied in the inverted ratio 
.of the mafs (;}6y k). And the depths or fpaces will 
-be inverfely as the retarding forces {^Sy i) or direftly 
-as the malfes: confequently, if both the niafs and m 
velocity vary, the depths will be in the compound 
jratio of the maffes and the fquares of the velocities. • 

, . The difpute concerning the meafure of forces, n 
which divided the philofophical world for confi- 
derably more than half a century, was founded 091 a 
partial confideratlon of the efFefts of coUifion. The o 
Squeftion agitated was, whether the forces of bodies 
in m9tion ought to be meafured by the mafe of 
matter multiplied by the velocity, or by the maft 
multiplied by the fquare of the velocity. The for- 
mer affirmation was called the old opinion, and the - 
latter the new opinion. 

Neither of thefe opinions are fufficiently general p 
to apply to every cafe of motion, neither are they 
repugnant to each other,, as the contenders for each 
infifted. The chief argument urged by the main- Q^ 
tainers of the new opinion was, that fpheres of equal 
magnitude, but of different weights, being let fall 
into tallow, from heights that were inverfely as the 

D 3 weights. 
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weights^ made pits of eijual depths in the fame. 
Now, faid the difputants, equal caufcs are thofe 
which produce equal efFefts 5 the forces of thefe 
bodies at their irnp^fl: on tlie tallow muft be equal, 
as being the caufes of equal efFefts, namely, the 
pits ill the fame fubftance. But the fquares of the 
velocities of the impads are (29, g) as the heights 
from whence the bodies fall, or in this cafe invcrfely 
as the weights of ^he bodies. Therefore the pro- 
duft of each weight pr mafs into the fquare of its 
velocity is equal to the produft of the other weight 
into the fquare of its velocity, wheii the pits, or, as 
it is afErmed, the forces, are equal, 

ji AU this is true, when it i$ confidercd as a mere 
explanation of the meaning of the word force, 
which^ if underftood and afpplied in this fehfe, will 
S not be productive of error. But when the above i« 
intended to ferve as a proof that the aftion of a 
body in motion cannot be meafured by the mafs 
multiplied into its velocity, it becomes neceffary to 
obferve, that the pit in the tallow being equal to 
anqther pit, does not prove that they were made by 
T equal powers or forces. For powers cannot be faid to 
be equal, unlefs they produce equal effeds in equal 
times; it being eafy to imagine, that a weaker 
power continued for a longer time niay produce an 
efFeft equal to that of ^ power of greater intenfity, 
tr though of Jefs duration, And it is evident, that 
thefe pits are not defcribed in equal times 5 for they 
are equal to half the Ipaccs which would have been 
^Jjpfcribed with tlxeir refpeftive initial velocities uni- 

fpfmly 
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formly continued (32, s) in the rtfpcEdvt dines of 
defcription. But the initial velocities would dc* 
fcribe fuch equal fpaces in times which are invcrfcly 
as the velocities themfelvesv And it has been al- r 
ready feen, that the refult of the prefent experi- 
ment is an eafy confequence of the properties of 
retarded motion^ confidered jointly with that de- 
finition which affirms the force or quantity of 
motion in a body to be ^ the produft of the mafs 
into the velocity (37, m). 

The confideration that moving bodies penetrate w 
obftacles to depths which are as the mafs of the 
body multiplied by the fquare of its velocity, is 
of great ufe in almoft every circumftance of the 
kind. It follows from hence^ that the depths to x 
which a body of given magnitude will penetrate 
into any fubftance, may be varied to infinity, with- 
out changing the quantity of motion. For the 
depths will always be greateft when the velocity 
is greateft (37> m) j and the quantity of motion, 
or produft of the mafs into the velocity, will not 
be changed, if the mafs be diminilhed proportion- 
ally while the velocity is augmented, and the con- 
trary. 

Thus it is fhewn, that a fmall hammer, having y 
the fame ftriking furface and quantity of motion, 
will do more work at a blow than a large one. 
The driving of nails, or of piles into the earthy 
follows nearly the fame law, though in the inftance 
of the engine for driving piles by the fall of a 
weight, nothing (37, O would be gained by lef- 

D 4 fenmg 
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fening the weight and raifing it higher: becaufc, 
from the property of the mechanical engines, the 
heights to which weights can be raifcd in a given 
tinie are inverfejy as their weights, 

Z When a body in motion ftrikes another at reft, 
it does not communicate the utmoft quantity of 
motion to this laft, until its whole aftioh has been 
exerted, which, if it penetrates, is not until is has 
cither penetrated to us utmoft depth, or paffed 

A through. Hence a projeftile may pafs through aij 
obftacle without comrriunicating any confiderable 
quantity of its motion, provided the obftacle be 
confideraby lefs thick than the depth to which the 
projeftile muft have penetrated by its whole efforts. 

B This is exemplified in a piftol-buUet fhot againft a 
door fet open, through which it pafTes without 
communicating motion enough to overcome the 
frr6tion of the hinges : wliereas' a large piece of lead, 
having the fame momentum, inftead of penetrating, 
carries the door before it, even though the ftrikirig 
part be a prominence no larger than the bullet in 
the former cafe. 

c The different effefts of motion, according as the 
velocity is greater or lefs, is fhewn likewife in the 
vulgar experiment of breaking a ftick, whofe ends 
reft on tWo wine-glaffes. Fig. 6. Let the two 
wine-glafles a, c, be filled, and let the ftick a c be 
'placed with its ends refting on the two inner edges, 
as in the figure. Then, if a quick blow be ftruck 
downwards, on the middle part b, the ftick will be 
broken afunder, without difturbing either die glaflbs 

or 
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pr tiieir contents. In this experiment the two piece? 
A B, B c, are made to revolve on die points e and 
p, fo that the points a and c rife up inftead of 
preflfng the edges of the glaffes. On this account^ 
if the blow at b be ftruck underneath inftead of 
of above the ftick, Ae glafles will be bix)ken* 

That power or property by which a body re- d 
covers its figure, after it has been changed by any 
external aftion, is called elafticity. 

If a body ftrike another at reft, and one or both b 
of them yield inwards, or change their figure, the 
latter body will gradually, during the time of 
change, pafs through every poffible velocity from neft 
or nothing, • to that which is expreffed by dividing 
the* quantity of motion in the ftriking. body by 
the fum of the two bodies (19, l. 24, u); at 
which laft inftant both bodies will have the fame 
velocity, and will proceed uniformly together, pror 
vided neither be elaftic. 

But if both bodies be perfefHy elaftic,* they will f 
yield inwards, and the gradual change of velocity 
will obtain as before, till the inftant of the utmoft 
yielding, at which time both will have the fame 
velocity. But the elafticity being fuppofed perfeft, 
both bodies will recover their figure with a force 
equal to that by which it was changed. The ac- 
tion of the elaftic force being contrary to that of the 
fomier ftroke, will caufe the two bodies to fepa- 
rate with the fame relative velocity as they before 
came together. That is to lay, the .ftriking^ body 
will lofe twice as much motion as it would have 

loft 
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]pft by ^ Jkmlar collifiaa without elafticitf, ted 
t^ body iiruck will in like manner ga^ twice as 
i|)ucb* Coafequently the fbiking body^ after the 
coUifion, will either proceed forward, remain at 
v^i or be refle&ed back, according as its niafs.is. 
greater, equal to, or kfs than that of die body 
ilxiack. 

H The experimental methods of illuftrating the 
theorems relating to motion have been made, for 
the mQ& part, on pendulous bodies, or on bodies 
let faU, either along, inclined planes, or in the 

I open sir. Mr. John Whitehurft, F. R. S. has 
invented an inftrument for meafuring the time a 
body employs in falling through a given Ipace. Its 
principal exceUency confifls in meafuring, to an 
accuracy, far -beyond the reach of the fenfes. The 
jenfe dm with difEculty divide a fecond into twelve 
pms : but 4Ms inftrument divides it into one hun- 
dred. A hand or index, connefted with wheel- 
«work^ is made to revolve uniformly in a circle di- 
vided into one hundred equal parts, each revolu- 
tion i>eing perfbmhed in one fecond. The regu- 
lator of 'the motion is a fly, whofe leaves may be 
fet ib -as to difplace a gpreater or leis quantity of air, 
nccordil^yas the inftrumei^ is required to go flow<pr 
4Qr ie&er^ or the fame adjuftment may be more ac- 
<rurfttdy obtained by altering the weight that gives 
^SKMHon to the wheek. By the conffaoiftion of the 
.)i]fiiniment tihe boiy is let go at the beginning of 
a revcdution^ and at the eid q{ its ia£i it ftrikes 

anothei^ 
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anddter pait of the mechanifii)^ that infhiuly iteptt 
the han4 or index. 

Mr. G. Atwood, F. R. S. 4ias in^mted an ia^ k 
ifa^rri^t fcr iKKeflfuting the fpaces paflcd ditmigh 
in a given time by a body in motion, whether that 
motion be accelerated, retarded, or unifonn. It 
cionlifts of two cylindrical boxes, fulpendcd at the 
ends of a fine filk line '&iat pafles over a vAicti or 
pulley. The axis of the pulley refts on the cir*. 
cumfcrences of four other wheels, fo that the efFeft 
of fridtion is fcarcely fenfible. If the two boxes be 
equally loaded, the weight ^ die one will counter- 
poife or deftroy the efFeft of 4lhe gravity of the 
other. The two boxes with their contents, tog^ 
ther with part of the pidiey, may^ in this cafe, 
be cbnfidered as compofing a mafs vend of gravity. 
Let any weight be added to ^ttie <df die 4x>xes, and as 
this weight is at liberty to moMe, it ^11 be uniformly 
^ccelerat^ by the conftant -a&ion of gravity (27, 
d) : but by the conftrudtion of the injbtinient, it 
ipnuft give an equal velocity to the Whole ma& be^ 
fore nmentioned, which, therefore, may be faid to 
be an increaie of its mafs, while the moving force 
remains conftant. The fpaces pai&d through in a 
given time by the body will, therefore, be to the 
^ces it would have pafled alone by the fame a&ioQ 
of gravity, (36^ k. 35, e) 33 its own mafs or 
weight i$ to the whole ma& in motion. By thi| 
Jiappy contrivance, the Ipaces pafied through by 
jgcceler^tion or otherwife, in a given time, arc ren- 
. idkred ihort^ and e^y to be obferyed with preci- 
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lion. For this intention there is a chronometer 
beating feconds added to the inftrument> and a 
graduated nile near one of the boxes^ with a 
moveable' tfage, to limit or terminate the mo - 
tion *• 
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OF TttE ATTRACTION . OF COHESION, ANb OF 

SPECIFIC attractions: 

t ^TT^HE attraftion of cohefion is that force by 
X which bodies or their particles adhere to 
each other. 

M, It is demonftrated, that if the forces by which 
the particles of bodies tend towards each other de- 
creafc in the proportion of the fquares of their 
diftances, the attraftive force of two fpheres com- 
pofed ^of fuch particles, will be governed by the 
fame law; relation being had to the diftances of 
their centers: and confequently, it will not be 
ffenfibly greater when they are in contaft, than when 

n they are at a fmall diftaijCe from each other. But 
if the firft mehtion€4 forces decreafe in the pro- 
portion of the cubes of their diftances, or in .any 
greater proportion, the latter will decreafe after a 
much higher rate, and the bodies, when in ?on- 

• This inftrument, and its various ufes, are defcKibed at 
large in an excellent analytical treatife, by the inventor, in- 
titled, " A Treatife on the reftilinear motion and rotation 
•** of bodies." 

*: i taft. 
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taft, will attraft each other very much more for- y 
cibJy than when feparated at the kail diftance from ' 
each other *. 

The firft of thefe attraftions is gravity, as is o 
evinced by its aftion on the planetary bodies, and 
the latter appears to be the attraftion of cohefion, p 
fpr its force is vaftly lefs at the leafl: diftance, than 
at the place of contaft. 

In confequence of this law, feveral deduftions 
arc made, which are found to agree with the phe- 
nomena of this latter kind of attra<5tion, as, 

Thofe particles which are pofleffed of large fur- q^ 
faces of contact, adhere moft ftrongly together, 
«nd form bodies which are called hard. 

Thofe particles which touch each other m few n 
points, compofe bodies which are foft or fluid, on - 
iiccount of the fmall force with which their parts 
adhere together. 

'And hence probably may be explained the elafti- s 
city of fome bodies ; for it feems to depend* on 
the cohefive force which reftores the particles to 
their firft relative (ituation, when by any external 
impulfe, they have been removed to a very fmall 
diftance from each other. 

Many difcoveries remain for Ae induftry of fu- t 
cure philofophers to make concerning this very 
jDOwerful agent in nature 

By this power the drops of all fluids alTume a u 
«3und form, and polifhed plates of metal adhere 

* Principia I. 76»— I. 86. 

together 
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togetheic with 9 prodigious force. This iaft is ttcem- 

V pUfied by paring a fi«aU part from each of two 
leaden bullets, and prefling the furfaces together i 
in which cafe, with a furface of contaft not ex- 
ceeding the twentieth part of a fquare inch, it will 
frequently require the force of 100 lb. to feparatc 
them. 

w By this power alfo it is, that liquids rife into 
the fubfkance of bread, iponge, and other porous 
bodies ; and are fuflained in open capillary tubes 
a coilfidcrablc height above the level. This 
height is in the reciprocal proportion of Ae dia- 
meters of the tubes. 

X Two plain glafs plates, fig. 7 . touching each other 
at the line ab, and feparated at cd, by a frnall 
obftacle k, being placed in the veffel of water 
EFGH, the water rifcs between them to the line 
ft I A, which is an hyperbola. 

y Let two plain glafs plates a b c d, fig. 8 . be lightly 
moiftcned with oil of oranges, and placed one upon 
the other, fo as to touch at the line a b, being kept 
'feparate at c d, by the finall obftacle l interpofed. 
In this fituation let them be placed in the horizontal 
box, E F G H, the part c d refting on its bottom, 
and the other part towards ab, refting on the 
upper end of the perpendicular fcrew i k> which 
is fixpd in the box for the purpofe of raifing the 
plates to any defired angle of elevation. Then a 
drop of the above mentioned oil being applied in 
the opening cd, will be attrafted by the two 
plates^ and will proceed with an accelerated mo- 

Z tion 
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tipn towards' a b, if the plates are kq)t in an hori^ 
zontal pofition. But if the end a b be raifed by 
means of the fcrew, to a confiderable angle^ the 
drop will remain fiifpended in its courfe fbmewhere 
between cd and ab, fuppofe at n, and if the ele- 
vation be encreafed, it will return towards c d, its 
weight overpowering the attraftion of the plates. 

Now, fince the weight of the drop continues 
unaltered, it will not be difficult to find its ten- 
dency to return, ®r that part of its weight which 
is exerted in the inclined defcent. For the pro- 
portion between that part and the whole, is as the 
height of the plane to its length, as will hereafter 
be fhewn. And fince the two powers, namely, 
the attra6tion by which the drop tends upwards, 
and that part of its weight which is exerted in the 
contrary diredion, are equal when it remains firf^ 
pendcd, the meafure or quantity of the one will 
exprefs the meafure ojr quantity of the other. By 
thefe means it is eaiy to determine the attrafHve 
force ; which is found to incfeafc in the reciprocal 
proportidh of the fquares of the diftances of the 
middle of the drop, from the end where the plates 
are in contafb. That is, fimply in a reciprocal 
proportion, becaufe the drop enlarges its furface 
as the Ipace becomes narrower 5 and again, fimply 
in a reciprocal proportion, becaufe the attraftion 
increafes, the nearer the plates approach each 
odier. 

This cohefive attradtion extends to an extitmely z 
isnall difbance from bodies, and where its pcrwtr 

tcr- 
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terminates, rcpulfion takes place, of which we Ihatt 
fubjoin a few inftances. 

A All hard bodies require a confiderable force to 
bring them into contaft, as appears by compreffing 
a convex lens and plane glafs together, which ex- 
hibit different appearances at the very point of fup- 
pofed contadt, according to the different degrees of 
compreffion. This is likewife fhewn from the paf- 
fage of the eleftric matter through metallic ehainsi 
Of which more hereafter. 

B When it rains on the furface of a veifel of water,- 
finall drops may frequently be feen running in all 
diredtions, which do not mix with the refl of the 
water for feveral feconds; 

C Hence likewife it is, that bodies fpecifically hea- 
vier than any fluid may be made to fwim on its furface i 
for, if by thc;ir repulfion a quantity of the fluid is dif- 
placed equal in weight to the folid, it will not link. 

D Dry needles or thin plates of metal fwim on 
water, and form cavities of a curve lined form^ ex- 
tending to a confiderable diftance from the body. 

E Let A c B, fig. 9- reprefent the feftion of a vefTef 
of water, on whofe furface a b is laid two circular 

m 

plates of tinfoil, on each of which is placed afmall 

curtain ring, or fome fuch body, to encreafe its: 

weight, and caufe it to fink farther beneath the 

furface. By this nieans they may form two cavities- 

about one-tenth of an inch deep, and extending half 

an inch every way from the circumferences of the 

plates. If they are brought within the diftance of aiv 

inch from each other, they will rufli together with an 

accelerated motion. 

Things 
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Things remaining as in the laft experiment, }ft » 
t) and E fig. 10. be two pieces of wet cork of the 
fame dimenfions ; the water then> by adhering to 
their fides, may form a curve lined protuberance, 
extending about half an inch from their circumfe- 
rences, and when they are brought within an inch of 
each other, they will rulh together as before. 

Thefe appearances are eafily accouiited for, by o 
confidering, diat aftion and reaftion are equal. The 
jplate of tinfoil, by its repulfion, afts on the water,, 
and prevents its filling the cavity, and the water by 
its weight rea£ts on the plate ; but as this reaftion is 
the fame on all fides, no nwtion is produced. But 
when the two plates approach each other near 
enough to unite their repulfive addons, the weight 
of the water between them being diminilhed by th^ 
dcpreffion, its reaftion is lefs than that which pre* 
vails on the oppofice parts of the circumferences : 
coafequently they move in the dirciftion of thfe 
greater prcflure, that is, towaixis each otMfer, 

In the latter cafe, the reaftion is in a contrary h 
direftion, beifig oppoled to ail attradive, inftiead of 
a repulfive force ; for the reaftion of th^ water en- 
deavouring on all fides to- return to its level, pro** 
duces no motion, bccaJufe its height is the fame it 
equal diftance^ all foundv But tvhen dhe two attrac* 
tive powers are, by bringing the bodies nearer^ m^e 
#6 aft on the fmtie water bfetwecA ehem, it is raifed 
h^her above tlie <^^mm6nrftirfat«, mA coti&queztdy 
feadfs more ftroi^ly oft that fide s wlMnct the bodief 
. Y^.h E rulh 



r 



Ji^J ATTRACTION. 

rufli together, as in the former cafe. Adepreffionofthe 
furface between the two corks willj by diminifliing 
the quantity of water, occafion thenm to recede from 
each other. 

It is not yet decided whether the attrajftion of 
cohefion, or the power by which bodies retain the 
aggregation oftheir parts, be one and the fame with 
the attraftion of combmation, or chemical affinity. 
But as far as experiment has yet extended on this 
fubjeft, there fe^ms to be rcafoh to believe that they 
are the cfFeft of the fame power. 

When the rational method of philolbphizing from 
obfervation and experiment was lefs known and 
efteemed than it is at prefent, many objeftions were 
made to the admitting attra&ion as a general caiiie. 
Among others, it was faid to be a revival of the 
trifling philofophy of occult caufes. But nothihg 
can be more inconfiftent and abfurd than to compare 
that philofophy, which deduces general laws from 
the obfervation of phenomena, with the compen- 
dious method that vanity has invented to difguife or 
conceal human ignorance, by referring particular 
fai6b to occult caufes. The laws of motion, the ex- 
tenfion, the inertia, the refiftance, and the attradlion 
of matter, are deduced in the fame manner ; and if 
the caules of thcfe be occult or unknown, it is not*, 
that philoibphers are unwilling, but becaule theyi 
have not yet been able to diicover them^ or becaufe 
fbme of them are, perhaps, (b fimple, as to be refers 
able only to the will of the Creator. Nothings 

jiowevtr^ 
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however, can be clearer, than that the exifl;pnce of a 
thing may be known, though its caufe be latent ; and 
it is enoiigh that attra6tion really exifts and a6ts 
according to eftablifhed laws, to juftify philofophers 
in admitting it in their explication of natural appear* 
ances. 



£ a BOOK 



^^ 



/ 



]J 



9 O O K L 



$ E C T. n. 



of bodies in moticMi. 



CHAP. I. 

or TH£ MBCHANICAL BOVEftS* 

WHEN twQ heavy bodies or weights are t 
made by any contrivance to aft againft each 
other> fo as mutually to prevent each other fh)m 
being put into motion by gravity, they are faid to 
be in equilibno. The fame expreflion i§ ufcd with 
re^eft to other forces,, which niutuaDy prevent each 
Other from producing motion. 

Any force may be compared with gravity, con- if 
Cdered as a ftandard . Weight is the adtion of gra- 
vity on a given mafs (35, p). Whatever therefore 
is proved concerning the weights of bodies, will be 
true in like circumftances of other forces. 

Weights are fuppofed to aft in lines of direftion K 
parallel to each other. In faft, thefe lines are direfted 
to the center of the earth, but the angle fSrmed 
between any two of them within the Ipace occupied 
by a mechanical engine is fo ixm)!, that the largefl: 

£ 3 and 
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and moft accurate agronomical inftruments afc 
fcarcely capable of exhibiting it. 

The fimpleft of |3iofe inftruments, by. means of 
which weights or forces are made to ad in oppofi-r 
tion to each other, arc ufuajly tertped Mechanical 
Power?- Their names arc, the Lever, the Axis and 
Wheel, the Pulley or Tackle, Ae inclii^^d Plane^ 
the Wedge, and the Screw, 

In the theoretical confideration of thefe fimple 
inftruments, the parts they arc compofed of arc 
imagined or fuppofed to poffefs no other properties 
than thofe which conduce to the purppfe of their 
conftruftion- Thus, they are all fuppofed to be 
without weight or inertia, and to move without 
fri&ion. Many of thefe parts are taken to bg 
mathematical lines, fome perfeftly inflexible, and 
others perfedtiy flexible, reprefenting ropes. An4 
thc(e fuppofitions are allowable, becaufe they imply 
i^pthing more than that the reafonings relate only to 
perfe6t inftruments, and it is confequcntly no more 
to hp ufged that there are no perfedt inftruments^ 
than that there are no perfeft mathematical figures, 
zt leaft that fenfe is able to difcover or diftinguifh. 
For the diflference JDCtween theory and pradlice is iq 
fome cafes incohfiderable, and may in general be 
allowed for without much difficulty, from the gene- 
1^1 principles of mechanics, when once eftablilbed^ 



CHAP, 



THE tEVEK. J5 



C H A P. 11. 

or THE LEVER, 

TH E lever is g moveable and inflexible Imc; <i. 
a6ted upon by three forces, the middle one 
of which is contrary in direftion to the other two. 

One of thefe forces is ufually produced by the re- r. 
adtion of a fixed body. Called the fulcruni. 

Let AC (fig. II.) reprefent an horizontal lever at s 
reft. At the point b, equidiftant from a and c, is 
placed the fulcrum o, and at the extremities a and 
c are hung the equal wights e and r. Then the 
lever will continue at r^, the weights e and p 
being, in equilibrio. For it is evident, thataf the 
line A c be moved on the fulcrum b, its extremities 
A and c will each be carried with equal velocities m 
Ae periphery of the fame circle. And becaufe a c is 
horizontal, the aftions of the weights e f will be in 
direftion at right angles to its length: that is to fay, 
they will aft in the diredtion of tangents to the faid 
circle at the points a and c j or they will aft in' the 
direftion of thofc particles of the periphery, which 
may be imagined to coincide with the tangents^ 
Each prefTure therefore tends to move the corrc* 
ipondent extremity of the line a c in that very liae 
of direftion in which only it can move. Suppofe 
the prcflure at c to be removed, and the whole 
prefiure at a will be employed in deprefling the 
pi^nt A, or> which is neceffarily in this cafe tha 

E 4 fame. 
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fame, in raifing the point c : on account therefore 
of the equal velocities of the points a and c, the 
adion of b at the point a will be the fame as if 
it were exerted at q in the direftion of the tangent 
c G. But again, fuppofe the equal weight f to be 
leftortd^ and the poiiit c wUl then be ^ed chi by 
two equal and oppofite forces, which, deftroying 
tacb others efFeft, will not produce niotion j con- 
fcqwntly the lever will continue 9X reft. 

It is likewiie evident, th^t if the radii a b 0/nA & c 
are iiot in % right line, the equal forces will never- 
^^ef* he in equUibrio, if they we applied in . the 
dlirc(9dQn3. of the tangents; thus, if^c be bent to 
thq pofition 9 K^ ^d the force p be there applied ia 
the diroftiqn i^ f, ii%e ^qiulibriun^ will remain as 
^e^ore^ 

If two contrayry forces be applied to a lever ^t 
¥A^im4 diftances from the fulcrum, they will cqui* 
pooderate when the forces are to each other in the 
f^ciprocal proportion of their diftances. For, 

Let AC (fig. 12.) reprefeflt a lever, whofe radius 
AB is three times as long as bo. At a is iuf- 
pended the weight £ of one pound, and at c is 
j&ipeiided the weight p of three pounds. Then, I 
fay, thcfe weights will equiponderate. With the 
radius B A defenbe-the arc a k, iiiterfe<5):ing c p at k. 
Draw the line bk, which may reprefent another 
arm to the .lever ; aixi it will be evidei^tly of na 
confbqiience, wheth^ the thpead e f be fafl^encd at 
c or K 5 conceive it therefore to be faftemed at k> 
and ta a£b on the mn biu Let ao r^pre&nt the 

force 






force df 9, an^iKF, being thnie timet as bng» will 
reprdent. the force, of f. This force kf may bo 
refolved (23, t) into two others^ ki in the dircc-^ 
tion of B K , and k h in the direftion of the tangeM» 
and their quantities are determined by drawing* tho 
lines F»and Fi^ parallel refpedbivdy to ki and KHn 
Now, KI has noefiedt in moving the arm bk. II 
is the force k h alone tjiat tend) to produce motion 
towards- h. The triangles b c k and k hf are fio^ 
htr, therefore, bk : b c : : kf : kh. But bk : bc, 
a3 J to 1, whence the force kh is .7 of kf^ a3 ia 
likewii^ AQ by the condition. Confequently h k 
and AG are ei^ual, and being applied at theend of 
equal arms a b> b k, will be in equilibrio (5^, t), 
which was to be proved ; and the conclufion will be 
the fame> v4en the weights are to each otto in any 
other ratio, provided the arms of the lever a b and 
B c be reciprocally in the fame proportion* 
* By the refohiition offeree it appear^ that iftwaw 
contrary forees be applied to. a ftrait lever ^ diilbic^* 
fsmecs from the fulcrum in the reciprocal propor-^ 
tion of i&eir quantities, a^d in dite£lio9SL 4way)i 
par^l to each oeher^ th^ kvi^ Witt fC9¥un at rdk 
m, any pofiuon. 

For, let the forces, Aii, cf (%. IJ.) be refolred: x 
A £ into G E paraUel> a&d o a pi^^nijicylar tio a c ; 
and cFinto »f paratt^ ao4: c h perpendkidar ta 
AC; and th^ forces^ wfaifok teafi tQ piH^dMiK n^ 
will in^ all pofitions }» tO:eipI} ^Iwt V^ tbQ ratia 
of the forces appliodj i*^€., m : of : : Ad i QKj^ 

liie triaagki AG £ and Q«f bfiflg.&^Pilii* 

Many 
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y Many cruriogs and ufeful cSc&s may be produced 
by levers, whofe arms are bent into aa angle j but 
the limits of this work does not permit us to enlarge 
upon them* 

2 ' It is evident, that all which has been faid con- 
cerning the lever is equally true, when the contrary 
forces are applied on the fame fide of the fulcrum, 

A On the lever A B, (fig. 14.) if the weight e of one 
pound be applied at a, and the weight f of three 
pounds at c, fb that their dii^ances ab and cb> 
from the fulcrum b, may be as three to one, they 
will equiponderate j which is proved by applying 
the reafoning ^t fig. 1 2. to the prcfcnt figure. 

B Since, of die th^ee forces which aft on a lever, 
the two which are applied at the extremes are always 
in a contrary direftion to that which is applied in 
the Ipace between them ; this laft force will fuf- 
tain the efFefts of the other two : or, in other 
words, if the fulcrum be placed between the weights, 
k will be afted upon by, or will fuftaiti their fiimi 
but if the weights are on. the faoie fide of the ful- 
crum, it will be afted*upon by their difference, 

c On-the principle of the lever are made, fcales for 
weighing different quantities of various; kinds of 
fubftances 5 the fteelyard, which anfwers the fartie 
purpofeby a fiiigle weight, removed to differ* 
rent diftances from the fulcrum on a graduated 
arm, according as the body to be weighed is moii;e 
or lefs in quantity i and the- bent lever balance, 
which, by the revolution, of a fixed weight, increaf* 
ing in power as it afcends in the arc of a circle, 

indicates 
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ii^dicfttes the. weight of the counterpoHe. a b c o i ' 
(fig.. 15.) js a bpnt leverj ilipported on its axis of 
fijlerum » in the piUw j h. At a is fuipended th< 
fc^e E, ^nd at c i% affixed a weight; draw die hori- 
zontal line KG through the fulcrum, on which> 
from A and c, let fall the jperpendiculars a r and 
p D i then, if B K and b d are reciprocally in propor* 
tion tQ the weights ,at a and c, they will be in equi- 
libriQ> but if now the weight c will move along th« 
arc F o, till that ratio is obtained. It is eafy to gra-^ 
duate the plate f o fo as to exprels the weight in ? by 
the pofition of c. 

The beam of the common balance is a bent lever, s 
with equal arras. Its property of coming to reft in an 
horizontal pofidon, when the extrerties are equally 
loaded is a confequence of its being bent, or, which 
is the fame thing, of its fulcrum being above the 
line, joiniftg the two poihts on which the fcales are 
fufpended* For it is evident, (fig, 16.) that there 
is but one ppfilion in which the lengths of the arms 
A B, B c, referred to the horizontal line d e, can be 
?qual, and that 15 when the points a and c are on the 
feme level. 

Balances that move with very litde friftion on the f 
fulcrum, and are exadtly equibrachial, are highly 
valued, But this laft property is of lefs importance 
than is commonly imagined, For, if two balances 
be equally femfible, and one of them not equibra^ 
^hial, it is certain, that if the ftandard weight be . 
placed in 01^ qf the fcales of this laflr, and counter-^ 
pQife4^ aqd the ft wid^d weight he afterwards re-. 

RlPyed^ 
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im^i. an]^ ctthrr body" fefaflkuted in itspkce wfll 
Iwne cnAty die fame oiafs^ if it be in equili^io 
^th the coumorpoife. In fa£l:^ this is- tkt beft 
flMthod of weighings when great accuracy is^ re!& 

On this principle aifo depends the metibns^ of 
aaimals, the overturning or lifting great wei^ts 
by nfieans of iron lerers called crow$> the a^ion- of 
AUtcraekeF5> pincers^ and maxr^ other inibtunen^s 
of the faiue nature* 



C H A P. III. » 

OP TH$ AXIS ANJ^ WmEh, AND OF TH£ PULLEY * 



k* 



QH TACKLE. 



H rx^HE axis and wheel neiay be cQufidered as 
X ft Ievcr> . oar of the forces being applied Bi 
the cif'QucnfereMe of the axis,^ and th^ other ai 
the qircufnfejrencc of tfa^ wheel, the central line oS 
the jvids being as it were the fulcrum* Fig. i7«' 
' is a perfpeftive view of the inftrument, and fig. 
i8. i^ A fe<9aon of the &ne at jright angles tothe 
axis« Then> if a &» the fen^idianieter of the axisy 
be tQ JtCy the feroieb^meter of the wheel, recipro- 
cally »the power E is tothe power f, the firfl: of 
which i$ appli^ in the diredion of the t^ngqat ol 
the axis, and the odier in the direction- of the^ 
tang^t of the wheel, they will be in equilib^ 
{S^> v)^ For AC ttwy be conceived to b# a. lever, 

whofe 
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THE PUiiUT AND TACfCLB. ^t 

whcsib ^Icrum is s, and whofe lorces applied ti 
A aad c ffftinthc reciprocal pt^ajpcMrdon of thek 

dHhmces. 

To dsis power imj far reftrred die tapftan or i 
crtnc; by whidi iveights are ravfed^ th^ winch and 
b&nfe^ for diawing water out of vftiU, <and nutn* 
bcrkfs otho* tniachifies on the fame principle. 

The puUey i$ likewife eiepUiJied on the prin*' k 
cipk of ^ lever* The line ac (fig. 19.) may 
be conceived to be a lever, whofe anns ab and ic 
art equidiftanc frpm the fukrum s. Confequemly 
the two eqtial powjcrs x and f,^ applied in the dU 
xeftktts of the tangents tso the cinde in which die 
extreraities are moveable, will be in equilibrio 
($59 s). And die fulcrum b will £jftain both 

But in dgp 20. the iblcnam is ac c, ckerefore i{ i, 
given force at s wUi &ftain m <dqiiilibiio a doi&ble 
force at j^, for in chat proportion TCciprocaHy am 
Oasar diftances from tlie fukrom (56, 0. 583 a). 
Wbence k appeaaos, that, con&leriiig £ as a force, m 
and F as a weight to be raifed, no increafe of power 
is gainod what tiie pufley is fixed, as in fig. 19, 
but that a double incmife of power is gained when 
die})ulfey mqves with the weight (fig, ao). 

A conobination oT puOeys i^ called a tadde, and ^ 
a boQc coining one orisiore pulkys^ i» called a 

j%^ B (fig. m:i ;) is a tadkie conq^ofed of foor pul- q 
feys j two ofwkich are m the fixed block a, and 

^4f0!tBrim>m^bi9^)^B^iis)t mov^ w^ the 

weight 
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^ we^ht F. Now, becaufe the rope is eqyalif 
i[betched 'throu^out, each lower pullejr will be 
afted upon by an equal part of the weight : and^ 
becaufe in each puUey that moves with the weight 
adpuble increofe of power is gained i the force 
by which f may be fuftained will be equal to half 
the weight divided by the number of lower pulleys^. 
That is, as twice the number of lower pulleys is to 
I, fo is the weight fufpended to the fufpending 
force. 

il^ But if the extremity e (fig. 2a.) be affijted to die 
lower block, it will fuftaTn half as much as a 
pvilley ; confequentiy the analogy will then be, as: 
twice the number of lower pulleys, more i is to i> 
lb is the weight fufpended to the fulpending force. 
It is for the moft part more convenient to form 
tackles with blocks of the farm exhibited in fig. aj. 

R This reafoning depends on the equal tenfion of 
the rope, and is therefore conclufive only when the 
tackle is wrought by a fingle rope. In the fylbcm 
of pulleys (fig. 24.) the power increafes in a 
geometrical feries, whofe common ratio is a, and 
ninnber of terms equal to the number of pulleys. 
Thus, if a force be applied at a, it will be adted 
upon by half the weight ,f s if at b, by -J: ; if ac ] 
c, by 4- ,• and if at d, by -rV ; &c. The reafon of 
which is evident from what has b^en already faid* 

s It is evident, that in the compofition of forces^ 
the force produced is lefs than the fum of die com- 
pounding forces; AD (fig. 3.) being always lefs 

than the fgm of AC and ab« On the Ci»itrai7> ii^ 

the 
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the telblution of force, a gaiaof farce is produced^ 
which is exemplified ih die foUowbg inftance : 
, The rope eacbf (fig. 25O is palTed over the x 
pulleys A and b, and under the pulley c. Equal 
weights are fufpended at e and f, whofe a&ions on 
c may be reprefcnted by the equal lines c j and 
CH. Thefc forces compounded give cd, which 
will exprefs the force exerted by the two weights. 
E and F,. tending to move c in the direftion of the 
perpendicular, . and is lefs than the fum of c j and 
c H. ConfequentJy a weight o being applied at Cj 
whoie 4|uantity is lefs than the whole quantity, of b 
and F in the fame proportion, will fuftain their 
cffefts, and remain in equilibrio. Therefore, if 
we confider e and f, as producing by compofition 
a force equal to g, a lofs of force enfues ; and on 
the other hand, if o be confidered as producing 
forces by refolution equal to £ and f, an increafe 
of force is acquired. 

.. The quantity of this increafe or diminution is u 
readily determined thus. 

From J let fall the perpendicular j k upon c d, 
then c K will be the half of c d. ^ And j c is half 
the lum of J c and c h. Now, as the whcde of 
ibat ium is to c d, fi> is the fum of the weights £ 
and f to the weight o (for they relpeftively repre- 
fent the forces of thofe weights) and fo is j c to 
tSK. But J c is the fecant of die angle formed bc-n 
tureen the rope ac and the perpendicular cd, 
the liije c k being radius. Therefore, as. the &• 
caw of the angle formed between one of the rope$> 

and 



aftd dte peqpoddicubr is to ndius, fo is -flife €tuk 
of the W6]|^s 3 wd r to die weight «^ 
tr Hence it foUows» diat die general dedui^on 
concerning pulleys and >f^cights are only true mhtn 
die rapes are paraUeL 

The pulley <»- tackle is of fuch general udlity^ 
diat It Is needled to point out any parsicalar in^ 
ftance* 

CHAP. IV. 

OF THE fNCLIKED PLAKE^ AND OF THE ItEDOE; 

w rr^ H £ inclined plane lias in its efie^ a near 
X analogy to die lever. Let a B be an horizon- 
tal plane on which the weight e is placed^ and let e i^ 
peprefent die force exerted by die weight, a b ttiay 
alfo be conceived to aft as the arm of a lever j whofe 
fulcrum is a. Let this lever revolve On its fulcrmft 
^m & to c, then the weight e will be found at e, and 
will a£t on the plane a c with an oblique force ed, 
e<)iial Md parallel to e d. Refolve ed into eb per- 
pendicular^ and bd paralkl to ac, and the force eb 
willbedeftroyedbythereaAionoftheplafie* Widi 
the othm'v force bd^ the weight will pioc«ed witk 

X an accelerated oiotion towards a. Whence it m$f 
be observed, that die inclined plane^ afting againft 
e ift d« xfianner of a lever> deftioys liat fofce 
wldch i& exerted in the diredion of riie tangent of 
ns line of mocioD^ and that die aftii% Curce in thb 
JAftnumm; ig tiiat which m otadi^ of die li»^ 

% was 
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i*as rejeftcd (56, v), as having no cffcft: The f 
force with which any weight on an inclined plane 
tends' downwards in the direftion of the plane^ is 
to the weight itfelfj as bd to de. Or as ep to 
A e> which is the ratio of the height of the plane 
to its lengdii becaufe th^ triangles bed and FeA 
are fimilar. ButeF is to a e as the fine bf the 
angle the inclined plane makes with the horizon is 
to radius. (See fig. 26,) Therefore, as the faid fine z 
is tjo radiu^> fo is tht force tending downwards in 
the direftion of die plane to the weight; And be- 
caufe radius is a cohftant quantity, the forces by 
which the fame weight tends downwards in the 
directions of Various planes will be as the fines ojf 
their inclinations; 

This inftrumeiit is hbt milch ufed in its fimpic 
form; 

If it be required to fliew what fofce in the di- a 
feftibn ep pardlel to ab (fig. 27.) will fiiibdn the 
weight e in pquilibrio. Set oflF em equal to bd> 
Which will rieprdfent its force or tendency in the 
direftion of die plane, and equal, but on the con- 
trary fide, fet ttfF ^ n, v^hich will rq)refent the force 
that, applied iii the oppofite diredtioh, Will fiifl:ain 
the weight in equilibho. Draw np peipendicular 
to AC and ep parallel to ab, interfe&ingnp in p^ 
ep will be the force required 1 for it is compofed 
&f e n and n p, arid n p being peipdndicular to the di* 
reftio4 of the tendency of e a\i^ails nothing. Join pd 
4tid this laft found force is to the whole weight of e^ B 
as pe to ed, or as eF to F A, which is the ratio bf 

Vol; I; F the 
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the perpendicular height of the plane to its hori- 
. zontal bafe, for the triangles pcd and er a are fi- 
: milar *. And fince adtion and reaftion are equals 
and in contrary direftions (22, r), it is evident that 
the fame force ep, which fuftains e on the fixed 
inclined plane cab, applied in the contrary dire&ioa 
would, if the plane be fuppofed moveable in the 
direAion of its bafe a b, and the body e fixed l^ 
the application of an obftacle qr, fuftain the efibrt 
with which the faid body tends to impel the plane 
from e towards p. 
) The wedge is compofed of two inclined planes 
joined together at their common bafe, in the direc- 
tion of which the power is impreffed. 
I Let ABC (fig. 28.) reprefent a wedge, whofe 
vertex a is inferted between the two bodies d and 
E, which being fixed in pofition, refift in a cer- 
tain degree aH^ force which tends to feparate them. 
This refiftance ufijally is, like the weight in thein- 
clined plane, perpendicular to the baie af, and 
the jpower, or force employed to overcome it, is 

• I'he fimilarity of thefe triangles not being obvioufly 
deducible is proved thus : 

Prolong pe and dm till they meet ins; and the right 
angled triangle mse will be equal and fimilar to the tri- 
angle' npe, se being equal toep. 

The triangles s.cd, ped have the two fides se, cp equal, 
the fide ed common to both, and the included angles scd, 
ped are both right angles. Confequently the triangles are 
equal and alike in all refpeds. Euclid I. 4. 

But it is eafily fhewn, that the triangle sed is fimilar to 
the triangle e f a, and fo likewife muft ped. 

imprefled 



imprdicd as was jirit mentioned, in the dircftion 
of the faid bafe. Therefore, by the property of* 
the inclined plane, the force required to keep one 
half c F A of the wedge in equilibrio with the pref- 
fure of the body d, is -to that preffure as c f to 
r A. But as the preffure on the other half of the 
Wedge afts with equal cffeft, a double forde will be 
required to preferve the equilibrium, that is, a 
force as c B to F A^ Ovi in general temms 5 in any f 
wedge^ as die line c b, joining the two equal fides 
AB and A Cj is to the diftance between the vertex 
A, and the middle point f of c b, fo is the force 
itnpreifed to the refiftance in d and e. 

This inftrument is commonly ufed in clearing o 
wood, and was formerly applied'' in engines for 
ftamping watch-plates. The force imprefled is 
commonly a blow^ which is found to be much more 
effeftiial than a weight or preffurfi This diffe- 
jrcnce is ufually accounted for, by fuppofing that 
the tremulous motion produced by the ftroke, con- 
.fiderabiy diminifhes the very great ffiftion at the 
.fides* But there is no doubt, that it is chiefly re- 
ferable to the principles that obtain when refilling 
.bodies are penetrated (37, m)* 

All anting inftruments may be referred to the h 
wedge- A chizel, or an axe, is a fimple wedge* 
A faw is a number of chizels fixed in a line, A 
knife may be cpnfidered as a wedge when em- 
ployed in: fplitting, but -if attentioribe paid to the 
%ige, it is found to be a fine faw, as is evident 
from the much greater efi^eft all knives produce by 

5 a * dr iaw- 
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a drawing ftroke, than what would have followed 
from a direft adion of the edge. . 



CHAP. V. 

OF THE SCREW, AND OF MECHANICAL ENGINE* 

IN GENERAL; 

I rr^HE Screw is compofed of two parts, one 
X of which is called the fcrew, and cohfifts of 
a Ipiral protuberance, called the thread, which is 
wound or wrapt round a cylinder; and the other, 
called the nut, is perforated to -the dimenfions of 
the cylinder, and in the internal cavity is cut a 
Ipiral groove adapted to receive the thread* 

K Let A D o E (fig. 29.) reprefent a cylinder, and 
ABC any flexible fubftance of a thicknefs altoge- 
ther inconfidei^ble or evanefcent. Suppofe a b c 
to be a triangle, having a right angle at .a, and 
pne of the legs a b containing the right angle to 
be applied to the cylinder in a line p^allel to its 
axis. Imagine now the cylinder to turn on its 
axis, fo that the triangle a b c may be rolled or 
wrapped clofe on its furfacct The lines b c, and 

, all others, as i k, l r, parallel to it, will dien be con- 
tiguous to, or coincident with,, the peripheries of 
circles whofe planes are all at right angles to the 
axis, and confequently parallel to each other. But 
the line a c will become a curve a qj. m a n o p, &c. 

h which is called an hdiTt. This curve will always; 
or in ertry part, proceed from one towards the 

other 
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Qther end of the cylinder it enwraps, and will 
make equal angles with the generating circle of 
the cylinder. For any one of thefe angles, ak i, will 
be produced by the application of another angle 
A K I, always equal to the angle a c b. 

Suppofe the cylinder a d g e to be perpendicu- m 
lar to the horizon, the lines bc and its parallels, 
together with all their correlpondent circles on the 
cylinder, will then become horizontal. Let the 
line AC now reprefent an inclined plane whofe 
height is ab, and the helix being of the fame 
length and height, and equally inclined to the ho- 
rizon throughout, will not differ in piechanic 
cflfedt from the inclined plane. T|^at is to fay, the n 
tendency of a weight to defcend on the inclined - 
plane will be exaftly the fame as on the helix. 

Let A L b^ the perpendicular dUlance between o 
two adjacent threads. Draw the horizontal line l r 
interfering a c in r . Then l r will be equal to 
the circumference of the cylinder, and a r will be 
equal to one revolution of the helix. But a r re- 
prefents an inclined plane, equivalent in power to 
the helix. Every helix therefore is equivalent in p 
power to an inclined plane, whoft length is equal 
to one revolution of the helix, and height equal to 
the diftance between two adjacent direads meafured 
by a line parallel to the axis of the cylinder con- 
tained within the helix. 

If the horizontal thicknefs of the nut be diffe* q^ 
garded, it will not differ from, a weight. to be 
fuflained on the helical plane. Confequendy it r 

, F 3 will 
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I^m be kept in equilibrio by an horbontal forcf;) ' 
ifflnch is to that of the weight, as the perpendi* 
polar diftance between two adjacent threads is to 
jjic circumference of die cylinder (69, p. 65, a,b). 
$ Or if the power be applied in the direftion of the 
threa4s of the fcrew, the equilibrio will be ha4 
when the power is to the weight as the perpendi- 
cular diftance between the two adjacent threads is to 
. ^e length of one thread of the fcrew (69, p, 65, y), 
T But there are few^ if any, inftances where the 
fcrew is ufed without the lever. If an arm ef 
(fig. 30.) be applied to move the nut, the weight 
jmd the ppw^r may be confidered as aftirtg upon 
a lever, whofe fulcrum is at the axis of the cylindef • 
V And, therefore, the proportions laft found (r, s.) 
niuft be compounded with the ratio of the fcmi- 
diameter of the cylinder to the diftance of e from 
the axis of motion. 
y It would be difficult to enumerate the very many 
ufes the fcrew is applied to. It . is extremely fer- 
viceable in compreffing bodies together, as paper, 
&c. It is the principal organ in all ftamping in- 
ftruments for ftriking coins, or nrialcing impreffions 
* on paper or cards, and is of vaft utility to the phi- 
lofopher, by affording an eafy method of meafuring 
w or fubdividing fmail Ipaces. A very ordinary Icrew 
. will divide an inch into five thoufand parts ; but 
the fine hardened fteel fcrews that are applied to 
the limbs of aftronomical inftruments, will gp 
' much farther. This method will be readily un- 
derftood from the contemplation of fig. 3 1 . 

On 
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On the rule b c h f is fixed the ujMight piece e f. x 
Through this piece the ftem of the fcrew a b pafles, 
and is held by* a collar, fo that it may be moved on 
its axis without advancing or retiring in the direc- 
tion of its length. The circular plate c d is fixed 
at right angles to the axis of the fcrew which 
pafles through its center. The piece ikml is 
adapted to Aide lengthways on the rule. This 
piece has a fquare aperture, acrofs which is ftretched 
a fine wire o p at right angles to the graduated line 
on the rule that may be feen beginning at n. At 
I K, on the Aiding piece, is a raifed part perforated 
hdically to receive the fcrew. Suppofe the fcrew 
to have fifty turns in the length of an inch, and 
the edge of the plate to be divided into loo equal 
parts: fuppofe likewife, that the wire op ftands 
between two of the dividing lines, and that it is 
required to determine its diftance from one of them. . 
Turn the fcrew, which of courfe will move the 
Aiding pi^ce, and obferve, with a magnifier, when 
the wire accurately covers the dividing line. Then 
the number of whole turns of the fcrew employed 
in the operation will give as many fiftieth parts of 
an inch, and the odd divifions of the plate cd 
will ihew the number of hundredth parts of a 
turn, that is to fay, hundredth parts of one-fif- 
tieth of an inch, or five thoufandth parts of an 
. inch. 

The fcrew has been applied with great fuccefs ii^ v 
the divifion of aftronomical inftmments *. 

* By Mr. Ramfden, who has written a treatife on the fubjedl. 

F 4 It 
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It is eafy to conceive, that when forces appUec^ 
p> mechanical inftruments are in equilibrio, if the 
}eaft acjditipn be ma4e to pqe of them, it will pre-? 
ponderate and qyercpme the effort of the other, 
But the vant of a perfeft pplilh or fmoothnefs in 
the parts pf all inflruments, 4nd th^ rigidity of all 
ropes, which increafcs with the tenfion, are great 
jmpcdinnents to motion, and in compounded engine^ 
are found to diminifh about one-fourth of the efFefk 

The properties of all the mechanical powers 
depending, as has been fhewn, on the laws of 
motion laid down in the beginning of this treatife, 
and the adlion, or tendency to produce rriotion, 
of each of the two forces, beipg applied in dircftions 
contrary tp e^ch other, tfip following- general nile 
for finding the proportion pf the forces i^ equilibriq 
on any tnachine will require np proof. 

If pwo oppplite forces be applied to the extremes 
of any ipechanical engine, in the direftion of the 
lines, . in which, by the conftryftion pf the engine, 
the faid extremes would mpve ; and the intenfities 
of the forces be to eagh other reciprocally as the 
yelocities the extremes when put in mption would 
acquire in the fame indefinitely fmall time : then 
fhofe forces will be in equilibrio. 

Supppfe the forces to be weights, and the fan^e 
may be expreffed thus ; 

If xy/o ^eights applied to the extremes of any 
mechanical engine be to each other in the recipro- 
cal proportion of the velocities refolved into a per- 
pendicular 
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• 

pendicular direiftipn^ (feje£ting the other part) vludi 
f^ould be acquired by each ^hen put in motioii 
for the fame inde^itdy fmall tune^ they will be sa 
equilibrio. . •: 

Whence it may be oblerved, tlm in all contriv- d 
ances by which power is gained, a proportional lotk 
is fuSered in time. If one man, by means of a 
tackle, can rsufe as much weight as ten men cQyld by 
their unallifted ftrength, he will be ten time$ as long 
about it. 

ft 

It is convenience alone, and not any adual in- i 
creafe of force, which we obtain from 'mechanics. 
This may be illuftrated by the following example : 

Suppofe a man at the top of a houfe draws up f 
ten weights, oqe at a time, by a fingle rope, in ten 
minutes. . Let him l^ave a tackle of five lower pul- 
}eys, and he will draw up the whole ten at once with 
the fame eafe as he before raifed up one; but in ten 
times the time, that is, in ten minutes. Thus wc 
fee the fame work is perfomied in the fame tim^ 
whether the tackle be uied or not: but the conve* 
nience is, that if the whole ten weights be joined 
intp one, they may be raifed with the taclde, though 
it would be impofiible to move them by the unafllfbed 
ftrength of one man. 

Or, fuppofe, inftead of ten weights, a man draws c 
fer) buckets of Water from the hold of a fliip in ten 
minutes, and that the fhip being leaky, adniits an 
pqual quantity in the fame time. It is propofed, 
that by means of a tackle, he fhall raife a bucket 
{ten times as capacious. With this afUftance he 

performs 
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fnfbfitis i^ but' ift s long a time as he empIoyec| 
to draw ^*titn, andtherefore is as far fpom gaiiHAg 
0ft die watQT ih th^ latter cafe as in the fonner. 

Since then^ no real gain of force is acquired from 
inechanicd contrivaaces^ there is the g^teft reafon 
W conclude^ diat a pei^tual motion is not to be 
obtaitted« For ia aU inftruments the fri&ion <^ thdr 
parts and other reMances continually deilroy a part 
Af ^e nrK>ving fbrce^ and at laft put an end to the 
motion. 



CHAP. VI. 

OF tME CENTER OF GRAVITY. 

I T ET AB (fig. 32.) reprdent a long flendcr 
jL/ body of an inconfidcrable thicknefs, which 
is attraftcd by anodier body in the direftion of the 
^finall parallel arrows, abed, &c. Then the 
'motion of a b will be the fum of the motions of 
all the parts fituate between a and b. Interpofe 
the pointed obftacle c d, and a b may be confidered 
as a lever ; c being the ftdcrum. Consequently, 
if c befo placed that the parts between > a and c 
may be in quantity and diftance from the fulcrum 
equipollent to thofe between c and b, the whole 
body will reft in equilibrio on the point c. This 
point is called the center of gravity. , 

K T*he thicknefs of a b being inconfidcrable, the 
point c may 'be efteemed as the center of gravity^ 
but is not fo when the thdcknels is taken into the 

account. 
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jiccount. 'Tht foregoing illuftration, befides the 
advantage of its! fimplicity, may ferve to (hew tkat 
*^hfcn we fpeak rf the whole attraftive force of a 
body being coUefted in its center; as for example, 
die center «f the earth, it is not to be imagined that 
any real power, or, as it were, magic force, is fiip- 
pofed to exift in that ccnten In the fame manner 
tfie body a i ceafes to move, not immediately be- 
ca«fe its center of gravity is fuftained, as if the caufe 
of motion exifted in that center alone, but becaufe, 
by the property of the lever, the forces on the fide 
c B are made to counteraft and deftroy thofe on the 
fide CA, 

The center of gravity is defined to be a point u 
about which all the parts of a body or bodies are in 
eqailibrio. 

Therefore, the center of gravity of two bodies, U 
A and B (fig. 22') ^^^^ ^^ ^ point c, in the right 
line that joins their centers of gravity, which is 
diftant from die center of each body in the 'recipro- 
cal proportion of their mafles ^(^6, u) ; that is, ac: 
c B : : B : A. And the center of gravity of direfc 
bodies, fuppofe a, b and IE, will be found at d ifi 
the line ce, which joins the center of gravity of b 
with the point c. c d being to de reciprocally as 
the fum of the mafles of a and -b is to *lhe mftfs of 
E. For it is eafily proved, fuj^fing the lines td 
be devers, that the bodies a and b will e<}uilibrat^ 
on the point c, which, as the fulcrum, wiHI^jfts^h 
both their forces (58, b) ; and alfo, that the body % 
will equilibrate with the force fuftained atc^ d being 
3 the 
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fulcrum. In this manner the center rf gravity of 
j^njr fyftem of bodies may be founds 
K Though the point called the center of gravity h 
defined from the univerfal property, gravity, yet, 
it m^ be as well defined from the inertia of mat- 
ter; for the point c (fig. 32.) is the center of 
inertia, or the point at which an impulfe i^ill move 
the body without producing rotation $ or, if the 
body were in motion in a right line, without ro-. 
tadon, the point c is the only point* at which the 
oppofition of a fixed obftacle will deftroy the whole 
motion at once ; but our intended concifenefe for- 
bids the elucidation of rotatory motions. 

p If two bodies move uniformly ip right lines, 
their common center of gravity will either be at 
reft, or will move uniformly in a right line j and 
the fame is likewife true of the center of gravity of 
three bodies, for the center c (fig. 23') of any two 
of them may be confidered as one body. Therefore, 
if c and e be in motion, the common center d will 
cither be at reft, or will move unifomily in a 
right line. And the feme may thus be fhewn of 
any numBer of bodies *. 

F The common center of gravity of two or more 
bodies does not change its ftate of motion or reft 
from the mutual aftions of the bodies upon each 
other ; and therefore, the common center of gra- 
vity of all bodies mutually afting upon each other, 
is either at reft, or moves uniformly in a right line, 

• Prbcipiaj in Corol. 4. ad 3. Legem motus* 

aftions. 
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iaftions and impediments from widiout htihg ex^ 
eluded. For, 

If die bodies a and b (fig. ^Z-) aft upon each q. 
bdier, the motion produced in each will be equal> 
(22, r) and the rado of c a to c,b will confe- 
quently remain the fame> whether they approach to, 
or recede from each othen The ftate of c will nc| 
therefore be changed by dieir mutual aftions* It 
the third body e be added to the fyftem, the center 
D, for the fan^e reafon, will not be changed, as to its 
ftate of motion or reft, whether e afts upon c or 
not : and the fame may be proved of any number 
of bodies. 

Since then the ftate of the center of gravity of R 
any fyftem of bodies, as to reft, or uniform direft 
motion, is not afFedted < either by the motions or 
mutual aftions of the bodies of which it is com- 
poled, external aftions or impediments being ex- 
cluded, it is plain that the fame law holds good in 
the motion of a fyftem of bodies as is obferved by a 
fingle body. For the progreflive motion of a fingle 
body, or of a fyftem of bodies, muft be eftimated by 
the motion of the center of gravity. 

Hence it is that the center of gravity of the s 
earth is not afFefted by the motions on its lurface, 
or in its bowels. When a projeftile, a cannon 
ball, for inftance, is thrown upwards, the projefting 
force reafting on the earth, caufes it to move in the 
contrary direftion 5 -but as the motions are equal, 
the center of gravity reni,ains the fame. 

: The 
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The n^otions and aftions of bodies upon each 
other in a fpace that is carried unifonrfy forward, 
ard the fame as if that Ipace were at reft. 

For the motions and actions of bodies upon each 
other depend on their relative motion, the velocity 
of which is the fiim of their ablglute velocities, when 
they are moved in oppofite direftions, or their dif- 
iference when they move in the fame direftion- And 
this ilim or difference is not altered by an equal 
velocity imprefled on all the bodies in the fame or 
a parallel direction, as in the prefejit cafe : jQnce, 
when two bodies move in contrary directions, in a 
Ipace carried uniformly forward, the velocity added 
to that body, with whofe motion the *. motion of 
the Ipace conlpires, is exaftly equal to the velocity 
deftroyed in the other body, whofe motion is 
oppofed by that of the fpace ; and when the bodies 
move in the fame diredion, an equal velocity be- 
ing added to, or deftroyed in both, the difference is 
llkewife unaltered. This is likewife confirmed by 
daily experience ; motions performed on board ^ 
fliip undet- liil are the fame as if the ihip were at 
anchor ; except fo far as they may be difhirbed by 
the irregular tOfling of the waves, which afFefis 
them fucceffively, as much in one direftion as 
another. A fleet of fhips carried by an uniform 

• Space being in. its own nature immoveable, theexprcflioa 
is here improper ; but it conveys a clear idea of the propofi-' 
tion in concife terms, though we can form no idea of bodies 
included m a fpace being adied upon by" that {^ac6. Th'e 
fpace here mentioned is merely ideal, may be called relative, 
and is defined to be a moveable dimeniion* 

current. 



current, either prefenre the fame relative pofidons^ 
or approach to, or recede from, each other in the 
fame manner as they would if no fuch current 
cxifted. And the motions' of bodies at the furface 
of the earth are no otherwife hefted by its revo* 
lution on its axis than as the revolution is not itc- 
tilinear, the effefts of which, though confiderabl^ 
are not enough lb to fall under common obferva- 

tion. 

This propofition is. likewife true,- if the motion w 
of the Ipace be uniformly accelerated, or, which 
is the fame thing, if all the bodies be conftantly 
afted upon by parallel forces which aiSt equally, 
according to their mafles, on each of them. 

For fuch forces will caufe all the bodies to move X 
with the fame acceleration, and to defcribe equal 
Ipaces in the fame dire&ion with each other. They 
will not therefore^ change their relative motions or 
.fituations. 
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C H A ?• VIL 

OF PENDULUMS. 

V TTTIHE bckiics Ipokeri of in the pfefent cAapj 

Jt ter are fiippofed to move without rotationi 

friftibn, or refiftance from the air, or any other me- 

dium ; neither are the niagnif udes of the bodies 

brought into conliderationi 

It has already been fliewn (6^, y), that the force 
of a body to defcend along an inclined plane is to 
the whole force of its gravity as the height of the 

z plane to its length* If the body be at liberty to 
defcend on the plane, the firft mentioned force will, 
by its conftant and equal aftion (27, d) produce 
an uniform acceleration. , 

The Ipaces defcribed from the beginning oh a 
given inclined plane are (129^ c) as the fquares of 

A die times ; that is to fay, the times of defcription 
of inclined planes of the fame inclination are as the 
fquare roots of their lengths* 

t The final velocities (36, h) of accelerated mo- 
tions being equal when the forces are inverfely as 
the Ipaces paflfed through, and the length of an in- 
clined plane being to its height in this fame ratio 
of the forces, by which a body would defcend along 
the plane, or fall freely through its height, it fol- 
* c lows that the final velocity acquired by a body that 
defcends along fuch a plane is equal to the final 
velocity it would acquire by falling freely through 

p its height. Hence alfo the final velocity is always 
equatf 
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equal when a body has fallen through an inclined 
plane of a given height, whatever may be its length. 

The times of acquiring this given velocity, or of & 
pafling over the whole lengths, will be inverfely as 
the forces (35, 0)5 that is to fay, diredlly as the 
lengths when the heights are equal (6^, y). 

Bodies that defccnd from a given height aj- f 
ways acquire the fame final velocity, whether 
they defcend along a fingle plane or many. Let * 
EG (fig. 34.) reprefent an horizontal, and ao a 
perpendicular lines and fuppofe a body to de- 
fcend along the incliin^d planes a b, b c, c d, o e ; 
continue a b to f in the line e g, and draw the 
lines B K, c r, d h, parallel to the horizon. The 
body after pafling through ab and bc will have 
acquired a velocity equal to the velocity it would 
have acquired fimply by defcending along b c or 
(80, d) along BL, added to the velocity it had at 
w: therefore the velocity at c, after pafling through 
the planes a b, b c, is the fame as would have been 
acquired by defcending from the fame height a i 
through a fingle plane a l. The Ikme realbning 
may be extended to prove, that when the body has 
arrived at d, it ^ill have the fame velocity as it 
would have acquired by defcending in one plane 
am of the fame height a h : and fo forth for any 
number of planes whatever. 

Since the planes along whicl)i a .body may pafs, 
in defcending from a given height, are not limited 
either in number or magnitude, we may afllimethem 
to be indefinitely foiall, and indefinitely numerous. 

VoL.L G They 
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They may then be conceived to fomi a: curve^ and 

G it will follow, that the laft acquired velocity of a 

' body that defcends by a gravity from a given height 

along a furface either planCy polygonal or curved^ 

h always the fame, and is ^qiial to that velocity 

it would have acquired by defcendifig frofti tht 

fame height by the aftion of its gravity in free 

^ace. 

H On planes of the lame inclinatioi^ the times of 

.defcent from the beginning are as the fquare roots 

of the lengths of the planes (80, z. 29, 0}. 

} If a body dcfcend along any number o( inclined 
pknes, AB, BCyCD,D%(fig. 34.) and another body 
defcend along a like number of planes, nx>, o p, p <i^ 
Q^R, (fig. 35-) having refpeftiyely the fartieihcU- 
nation and proportional lengths, namely^ n o ta 
AB as OP to Bc> and as PQ^to ci>, &?e. then thfc 
times of defbent will follow the fame law as woudd 
have obtained if each had paffed down a lingie 

K plane of the faine inclination : that is to fay> thtf' 
will be as thie fquare roots of the ieirgths pa&d 
over. For, if the bodies were each to defcted fih- 
gly along any two cprrd^onddnt planes a t and 
NO, the times would be 2^ the fquare roots 6f thofe 
lengths (82, h) : and the final velocities wofifld be 
in the fame ratio (29, c). The fame will be true 
of the planes b c and p. But now, fiippofe each 
body to have defcendcd through two planes a b, 
Bc, and NO, op, then the time of defcent through 
B c will be lefs than it would have been in pro- 
portion as the velocity it haa at b is greater, namely, 

. in 



in proportian to the fquarc I'oot of a« (ag, o). 
And in like manner the time of palling fingly 
through o p wiU be diminiQied in proportion to the 
increafe of velocity gained at o, or in proportion 
to the fquare root of no. But ab is to bc as 
NO to OP, ajiid therefore tlie times of pafling 
rtkr^ngh B c and o p are diminifhed in proportion 
*o their mugoitudcs, and muft continue to have the 
. tf^me iratio as before^ Agaipi fince k o is to a b 
: ^ xOP to B.Cj the fum of no and op, namely, 
N Pj will be to the fum of a® and b.c, «nameLy, 
.i^.CJ -in ithe jf«tfOfe -rati© j and the fum of the fquare 
fVf^ots 4)f if:Q and o R, namely, the fqliare root of 
If Pj ^will be toilhe fum of the fquare roote of a b, b c, 
Jiamely> tthe.fquftre toot of a q, as the fquare .root of 
K o .to.ihe:fquarejroot of ji:b, or as thatof o P:to.that 
vfB'Q. ,And fincp it hasbeen Jhewn, that«the times 
. of :pafl6ngoyer the planes n o, o.p, and a^, jb c, are 
*efpe<9iiv^y^pr(^Oftional to .the fquare roots.of their 
i^i^gthsj ihe-^iEjle'.times.muft'be proppnional to the 
rfqjaar^ rocjtsof tl^ir fums, or .whole ,fength, which 
wa6 to ^be pronred : and) the fame rcafoning .will apply 
tt) any nuiribqr of planes. ' 

Iftthe planes be indefinitely fliort and numerous, l 
they may ^btconceived to form a curve, and a fimi- 
Jar aJTemblage of planes relpeftively, in proportion 
to the former, will form a fimilar curve. The 
foregoing arguments will then prove, that bodies 
-defcending along fimilgr cUrve furfaces defcribc 
'them in itimes which are as the fquare roots of the 
•lengths of the curves, 

G 2 If 
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M If a body be urged towards a given point, by a' 
force which is proportional to the diftance of the 
body from the point, it will always arrive at the 
point in the fame time, whatever the diftance maybe. 
Let I (fig. 36.) be the point; and fuppofe two bodies 
to be let fall from any two points, a and r ; join 
A R, A I, and R I ; and" imagine a i to be divided 
into an indefinitely great number of equal parts, 
which, confequentlyy will each be indefinitely fmaU. 
Through each point of divifion in a. i, imagine the 
. lines BQ^ cPy do^ &c. to be drawn parallel to 
a r, and they will divide the diftance r i into an 
equal number of indefinitely final! parts. Any two 
intervals, a b. and r q^, will be in proportion to the 
whole lines a i, r i, of which they are like parts. 
Now, the force may be efteemed to be invariable 
or conftant, while the body paiTes over die interval 
A B, becaufe the diftance is not definitely le6> dur- 
ing that time : and the fanne may be faid of the 
interval r q^^ that is. to fay, the forces being as the 

- diftances ai, ri, will be alfo as the intervals or. 
fpaces A B, Ra,, paffed through : and the times of 
pafling thofe intervals will be equal (35, e). By 
the fame argument the flicceeding intervaTs b c, 
Q^p,, would have been paffed over in equal times, 
if the motions had commenced at b and q. But 
in the prefent cafe, the velocities already acquired 
in B and Q^are (35, e) proportional to the fpaces 
A B and B Q^, and confequendy are fuch as would, 
without any other aftion, carry the bodies over the 

ipaces 
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ipaces B c and q^p, in equal times. It is therefore 
evident, that the bodies are carried over the fecond 
^aces B c and q^p, by means of aftions or forces 
which would have carried them relpeftively through 
diofe fpaces in -the fame time, increafed by acquired 
velocities that would likewife have carried them 
through the fame in equal times. The acquired velo- 
cities in B and o^muft therefore fubdud equ^ly 
fcom the times in which b c and q^p would have 
been otherwife defcribed, and the remaining or ac- 
tual times of defcription^will be equal. This rea- 
foning will extend to prove, that all the other cor- 
jpcipondent intervals^ c d and p o, d e and o k, &c* 
are rcipeftively pafled over in equal times s or, in 
other words, the whole lines a i and r i will be 
paffcd over in equal times ; which was to be fhewn. 

If a number of indefinitely ihort inclined planes n 
be joined together, and the . fine of the inclination 
of any plane to the horizon (6^^ z) be as its dif- 
tance fiom the loweft plane, meafured along the 
{^anes, the tendency of a body to defcend on them 
will be as its diftance thus taken : confequendy 
(84, m) a body will, by pafling along them from any 
diftance, arrive at the lowdl point in the fame time« 
The line in which the defcent is made may be con- o 
ceived to be a curve, becaufe no part of any definite 
magnitude lies in the fame right line. This curve 
is termed a cycloid. / 

Every thing that has been proved of the accele- P 
rated defcent of bodies along inclined planes will 
hpld good, mutatis mutandis (31, p)j when bodies are 

G 3 retarded 
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retsi'ded in dieir afcent along the fame^ or coQ^ru* 
013S planes. 
0^ A pendulous body ofcillates by the fanie laws asj. 
it would move on an inclined furface of the fame 
figure as the curve it defcribes. For the readtion 
of the firing or rod i«s exerted ag^inft> and deftroy^f 
the very force that fuch a plane would deftroy. 

R The pendulums of clocks ufuaily vibrate in the 
«rcs of circles. It has formerly been Aought an 
advantage to make them vibrate ih the arps of 
cycloids -, but the diificulties that attend the prafti- 
eal application are fuch, that there is good rcafon tQ 
think that they produce greater errors in the admea- 
furement of time than thofe they are intended to re- 
rncdy ^. For t;his reafon, we Ihall here only explain 
the properties of bodies vibrating in circular arcs, 

9 Let B (fig. 5*7) be a body pendulous from a, and 
rtKDveable in the arc ^ f e, whofe loweft point is f ; 
dra^ Hht line a f c, on which from b let fall the 
ferp^dicukr b d. This laft line b d will be hori- 
fx)ntalir Ff om b draw b c at right angles to a b, 
and tonfequenlly touching the arc B f e. The body 
4t B ^ill then be urged towards f by its gravity in 
the fame manner as if it refted on an inclined plane 
^ ti making the angle d b c with tlie horizon. Whicli 
angle, by reafon of the fimilarity of the triangle? 
e B G, DAE, k equal to the angle dab, or the in*' 

♦ The excellent Huyghefts has Explained the vibrations of 

pendulous bodies in his Treatife de Horologio OfcilUtorioj 
and the fame thing is performed more generally in the Prin-^ 
cipia 1, § lo. 
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k 



OF PENDULUMS. %% 

ft 

diniation of the pendulum-rod or firing with the 
perpendicular. But the force at'B is as the fine of 
,thi§ angle (65, z). Now, in very fmall angles, 
the fines, and confeq^uently the forces^ afe nearly 
propoftional to the fubtending arcs to be paffed 
over: thejefore^ (85, n) all thp circular vibrations t 
of the fame pendulum are jgiearly equal when the 
arcs of vibration are fmalL 

But, in feft, becaufe the arcs incrcafe fafler thaja u 
the; fines, the lefs vibrations of the fame peijdulurT^ 
4re performed in lefs times. 

The times of the vibrations of pendulums that y 
defcribe fimilar arc^ of circles, or, which is in fad 
the fame, have pqual angles of vibratioA, are (83, l) 
as th^ fquare roots of the lengths of the arcs : and, 
becaufe the firpilar arcs are as the radii they are 
defcribed with, the times will be as the fquare roots w 
of the lengths of the pendulums. This prppofition x 
may be affirmed like wife of ajji angles of vibration 
• (87, t) wheel they are fixialj^ 

Thus far, in our reafoningi wc haye fuppofed the v 
forcQ of gravity to be invariable in a given body ; 
J>ut if it be fiippofed to vary^ its effects wijl vary iij 
jthe fame ratio (35, d, e) j and the lengths of fimilar 
arcs defcribed by a pendulous body in equal time^i 
will be diredly as the forces of gravitation ' that 
Wge them. Now, the lengths of the arcs are as 
their radii, that is to fay, the lengths of pendulums^ 
vibrating through fmall arcs (87, x) and meafuring 
equal times, are as the gravitating forces* 

G4 ir 



88 or PENDtTLlTMS. 

. If the ball B (fig. 37.) of a pendulum were let 
go from my point remote from the loweft point r, 
it would defcend to f with an accelerated motion 
through the arc b f, and if its motion were without 
all refiftance or impediment, it would, by a retarded 
motion precifely fimilar to its former acceleration, 
afcend through an arc f e, equal to bf. From 
the point e it would again defcend by acceleration 
to f, and again rife to b by pafling through the arc 
f b in the fame manner as it before afcended through 
the arc f E : the qfoillation would thus continue for 
ever, the angles and the times of all the vibration 
being equal. But this cannot be; for there is no 
avoiding a certain degree of friftion at a, and the 
ball B ftriking, and giving motion to the, parts of 
the air oppofed to its courfe, muft itfelf lofe as much 
motion as it communicates, (22, r) by which means 
the miotion muft continually decay, and at laft 
become infenfible. 

The pendulums of clocks are maintained in their 
motion by the aftion of- the wheels, which are driven 
round by means of a weight or ipring. Let e g p 
(fig. 38.) reprefcnt the fwing- wheel of a clock that is 
urged to revolve in the direction e o f ; let e and d rc- 
prefent the palkts moveable on an axis at a, and fo 
connefted with the pendulum ab, that they are 
made to vibrate along with it. Suppofe the ball 
to vibrate from r to B, one of the teeth of the 
wheel refting againft the pallet c, whofe figure may 
be fecn enlarged at ikl. When the pendulum 

returns 
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Tettams towards <l, the pallet c is drawn out, the 
wheel prefling firft along the plane i k, and after- 
wards on the inclined plane kl; by its a£kion 
on which laft, it pufties the pallet, or affifts its mo- 
tion, till at length the tooth flips off the point l. 
During this time the pallet d, whofe figure is ktn at 
p N o, is carried in between the teeth on the other 
fide of the wheel -, that when the wheel efcapes the 
pallet c, another tooth drops on the plane n p of the 
pallet D. The returning vibration again draws out 
the pallet d, the toorii of the wheel afllfting its 
motion by prefling along the inclined plane no 
till it efcupes at o. At this inftant the pallet c has 
acquired its original fltuafion, and therefore receives 
the adjacent tooth : ancj the whole proceeds as be- 
fore. This is a very Ample and good efc^pement. 
It is called the dead-beat efcapement, becaufe the 
jibcond hand in clocks of this conflrudtion falls with 
a dead ftroke on the divifion line of the dial, and 
does not recoil, but remains motionlei^ during^ that 
part of the vibration in which the tooth of the crown- 
wheel reflis on th? plane i k, or p n rf the pallet. 

If the refifl:ances arifing from the friftion at the b 
moiring parts, and from the motion coilimunicated 
to the air, were always the fame, and the clock 
were urged by a weight, the adtion of the Iwing-" 
wheel on the pallets would be ahyays the fame at 
a given place, in confeqisience of which, the fi- 
gure of all the parts bping fuppofed invariable, 
the arc of vibration would be conftantly of the 
fyme magnitude, namely, fuch as, that the mo- 
tion 
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don IcA by the refiftanccs oppofed to the pen^ 
dulum Ihoukl be accurately equal to the mojdoa 
eommunicatcd by the pallets, and thct times would 
foe equal ; that is to fay, the clock would be per- 
fed, and would meafure time accurately. But i 
ihtfk conditions are not eafily obtained. It is not 
found, that the variation in the refiftance of the 
air, arifing from its changes of denfity, occaiion& 
any fenfiWe irregularity in clocks. The moft con- 
liderablc irregularities in the movemient arife from 
the tenacity of the dil applied to the moving parts* 
For the oil is lefs fluid in cold than in hot wear* 
ther ; and when it is lefs fluids a greater quantity 
of the maintaining power muft be toft in over- 
coming its rigidity : whence it muft happen, that 
the teeth of die crown-wheel will in that cafe aft 
lefs for ciWy on the pallets, and the vibration will be 
lefe. If the pendulum be fuipended on an axis, 
this caufe, together with the conftant wear, is very, 
noxidus ; but this defeft is remedied by fiilpend^ 
ing it by a ftrait flexible fpring. And in addition 
to this, there have not yet been found any materials 
which do not expand by heat. The penduluiii-i:od 
therefore is longer in hot than cold weatheri im4 
the clock confequently goes flower (87, w). 

c It has not been determined from experiment an j 
obfervation, how far thefe caufes refpeftively afFeft 
the regularity of the clock's going. There are 
many good inventions for obviating their effefts. 

D The irregular aftion of die maintaining power, 
in confequence of its giving motion to the whole 

train 






p-ain of wheeki is rendered of no confixjuencc bjr 
picans of the efcapcaients, wl>ich are called detached 
or free efcapements. For io thefe the iit^ctus of 
the fwing-wheel is not fuffered to ad on the pen- 
dulum, but is employed in raifing a fnaall wei^t ux 
each vibration, whkh> by its fall, always gives th^ 
fame impulfe to the pendulum, 
, The expanfiG«iOfcointra6tion of deal- woo<} length- 5 
ways, by change of temperature, is fo fmall, that . 
it is found to make very good penduhim-rods. 
The wood called fapadiUo is liud to be ftiU better. 
There is reafon to believe, that the previous baking, 
yarnilhing, gilding, or foaking, of thefe woods in 
any melted matter, only tends to impair the property 
that renders them valuable. They fhould be limply 
rul^Ded on thq outlide with wax and a cloth. In 
pendulums of this conftniftion the error is greatly 
diminiflied, but not taken away : but there are a 
canfidcrable number of ingenious contrivances for 
entirely removing it. 

The combination of metallic bars in the gridiron f 
pendulum feems to be the moft fimple and effec- 
tual contrivance for this purpofe, and is. therefore 
fhe only one we fhall here defcribe. From the point 
of fufpenfion a (fig. 39.) proceeds a fmall flexible 
fpring, by the alternate flexure of which the vibra- 
tion is allowed to be made. The lower part of 
the ipring is fijted to the frame b c, out of which 
proceed five equal cylindrical bars of ipetal. The 
two outer bars are fteel, as is likewife the middle 
l?ar : the other two are a compofition of zink and 

filver. 
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filver. The two outer bars are faitcned in die 
piece B c by means of pins, but the three inner 
ones pafs looiely into holes in the fame piece^ with- 
out being fattened at all. The three inner bars 
pafs through a piece d e, near their upper ends, in 
which they are all fattened by pins. At the lower 
extremities of the bars is another crols piece f g, in 
which all the bars are fattened by pins, accept the 
middle bar that paffes freely through, and carries 
the ball or lens b. 

. The oonfidetation on which this conftruftion 
depends is, that a- given increafe of temperature 
will caufe the bars of zink and filver to expand 
about twice as much in their linear dimcnfions as 
the barsof fteel. To fimplify our explanation, let 
us attend only to the ball h, without regarding 
the weight of the other parts. It will then only be 
required, that die dittance between a and the ball 
H Ihould continue unaltered in every change of 
temperature, which is accomplifhed thus. Imagine 
the outer bars of tteel to expand by heat, and they 
will foffer the frame fg to defcend; the middle 
fteel-bar will likewife expand in the fame ratio of 
its length ; and the ball h woujd confequently 
lie removed farther from the point of fufpenfion a 
if no other parts of the apparatus was affefted by 
the heat : but the fame heat expands the bars of 
zink and filver much more in proportion to their 
lengths, and therefore the adjuftment may be fo 
made as that the expanfion of thefe ihorter bars 
may be equal to that of the longer ones of fteel ; 

■ ' that 
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that is to fay, the expanfion of theft two bars may 
be fuch as to remove the crofs piece d e farther from 
F G, fo as to raife the ball h upwards through a fpace 
cxaftly equal to the quantity of the expanfion of the 
central, and the two outer bars. Whence the ball 
H will always be kept at the fame diftance from a. 

It may be obferved, that the two outer fteel-bars k 
anlwer the purpofe of a fingle bar with regard to 
the expanfion, as do likewife the two next adjacent 
to the middle bar. Thefe bars, namely, two of 
fteel and one of zink and filver, would have been 
fufficient in theory, but the neceflity of binding 
them together in that cafe produces a degree of 
friaion of the parts that is, not without realbn, 
thought to have a bad efFeft, by caufing the aftion 
to take place by ftarts. The adjuflment of the con- 
trary expanfions is made by pinning the piece d e 
at the various diftances from f g> by which means 
the ratio of the length of fteel to that of the zink 
and filver may be altered in any convenient degree : 
and this adjuftment being made from adhial obfer- 
vation of the clock's going, it is evident, that no 
pfaftical inconvenience can refult from our gratui- 

.JfSf" " tous fuppofitiqn of all the parts, except h, being 

'"' ^ without weight. 
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V 

>: ! . C H A Pi VIII. 

PF TP5 MOTION OF. A BODY, WHICH IS .ACTZD 
UPON BY A CSNTRIPBTAL FOACB^ 



F 'a body at a (fig. 49.) be carried with an 
tmiform direft motion in a given line a e, - a^d 



'•1 

r^ys 'be drawn from the eqyidiftant points Aj . 0, c, 
' p, xi to ^y point Lj without the line ak> tbeare§s 
^ 'al J?, B L Cj c L D, D L,E, '&c. wiU bc equal.to^ach 

Other*.. . . 

k * "^ , AnS thefe areas which are defcribed un equal 
' tirqesj wiB not be altered by any centripetd forcje 
^ a^ing on the body a, aiKi impelling it, j:o?w^s>. 

L'^r'^'SuppoIe the body a to defcribe the .equal. ffilQ^s 
' ab,.;hc/ c D, and confequently with refb^'ft ^4ii/e 
' point L,* tilie equal areas a l b, jb lc^ c l Dy.in Mual 

times. T^t a centripetal force pe amprenod, at d, 
*^ wnien'fin^Iy would caufe it to aefcribe, tha ip^ 
ySa inineTaiTie fim as d e, which is equal ,(0 d^^j 
^^t. ^(Jorr^rete tHe parallelogram 9 dcj^,^ 3. ^^ ^^ 
""I^S^, s'Vaf «{e end of the time the body \yiliLbGi<:HKl^ ^- *^;- 
'%): e; naving delcrlbed the diagonal oe. Thf^fli- 

ande dcl wiU .then be equal to Ot5J-j.„bifcauie 
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* This rcafoning depends pn that iy^U-bjowAArojx:^jj(^ 
(tucUA I. 3»*) tlrat^'fnahgTescbnftftutea upon equal bafes^ 
^(i- between the fame parallels are equal to one anothen 

I both 
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t)Oth ftand cm the farAe bafe d l^ and between the 
parallels d l and s e. Continue e f equal to d e, 
and.the area ctl will be equal. to oeL, for the 
fame re^dbn ; er reprefenting the fpace which would 
be defcribed in the fame time as d e, if no new 
impulfe were given at e, L^t a force e m be im- 
pre0ed at e, and by the ftme procefs it is proved, 
that eft is equal to e f l. The like may be proved 
of the triajigles f gju, g h l, &c. 

Since therefore any fingle impuUe can only alter u 
the velocity and direftion, but never faffeft the ;, 
area^ defcribed, it is plain that any number of fucr 
ceflive impulfes will likewife have no effeft in al- 
tering the area, Suppofe the number of impulfes 
to be infinite, or, in other words, let a force - 
direfted to the center a£t continually on the body, 
and a polygon with an infinite number of fides» 
diat is to fay, a curve, will be defcribed, whofe 
radius accompanying the moving body, will de-; 
jcribe or iweep over equal areas in equal times. 

And converfely, if a body revolve about a point, k 
fb as to defcribe a curve, whofe radius accompany- 
ing the body, ihall fweep over equal areas in equal 
times, the centripetal force which deflefts the mo- 
tion from a right line, muft be directed to that 
points 

But no inftance of a centripetal force diredled to a 
an immoveable point is found in nature* Bodies 
attract one * another;i, and that mutually. There- 
for^ 
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(ore, if one body retolws jUioiic aaocher^ diisUH 
niill not remain at rt&, bur will revive in a ^11^ 
ttislar curve about the common center of grav^,. 
at will alio the firftbody. That, is^to fay^ if the 
eentcrof gravity be at reft> the tM> bodies^mll ab^ 
iiaSiitely move in iimi^r curves fld»out that centor, . 
and felatively about each otiier ia curves fimikr 
lathofe laft mentioned. 

F Thefe motions will not be altsred^ if die center' 
o# gravity be fuppofed in motioti (7^^ t^ 7g> w). 

<^ Therefbrej when we fpeak of the orbib and pt^ 
nodical revolutions of bodies, we may in. gen^^« 
l«gard one of the bodies as ftadonary, ami the 
other as revolving round it. 

It If a body revolve > round a e^ter in ao- tirblr 
which is not circular^ it is plain, that to deicribr 
equ^ areas in equal times, it mull mo^: f^ifter 
v4ien near the center than wheivnE)ore difliantf aiKl 
it is likewife evident, that when (be veiocircy^ Md' 
confequently the ^ndency to i!y off in a tai%ent 
is incrcafed, a greater centripetal force WiH be re- 
quired to retain it in its orbit. - 

s From the properties of the cllipfia it is (kmOn-^ 
ftrated, that a body revolving in that curve, . whofe 
centripetal force tends to one of i&s foci, nrmft iff . 
any part of its orbit be attracted towards that fbcu^i^v 
by a force which is reciprocally as the fqutatt of its 



• Piincipisi I. 57. t Triiicipia^ I. ii.~ 
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(^!««3P Ofltppkte «nii ctear IsUa jof the dlipfis t 
'tti^jr'be.hadiicarn the ^smitaoa sim <f .ddcisilHOff . 
jt; if^tbroad CA.C (>fig. .4*^.) *ic. fattened isyitfli 
and3at,^be'pdm&s cc, iind.ai^pixMtddAibDtiiXKhttu: 

:W«»]f3^ j» OX £, ikeepiog^the throsd .at full Jr^cb, . ii: 

tc c are caHed thefocii 

- « • ■ 

is not thrown in the line of the perpendicular, ai^y 
rbe^^oAdeiPed.^s a body rcT^olying al^o^t that^cen- 
tw^ ;«id if its s^\yit be nw. fuffidcntlyjar^ fp ^w* 
ttainiijr .ckoiiitjfqiibe.^c b«ly c^f tl^e .^^^ife; it ^#11 
*e .intesrnipted in .its x^iflrfti .and r^noain at ftell: 
liottWflrheFie jjri.tla^ Xuffe^- Xhus let^BE*(^g. 42.) ' 
ifepsfeflkJ: thejie^hi wh^fe center is at c ; then if 
ia'b9lJy'.be:9«ye<3:edfipl«.A in the diredion af, it 
iifyill|^y.fe€,a^idriof the cantrjpepal force,* be dc- 
<fi^ed. into* Ae Qwnre AC^^ and wiU remain ^t^rcft 
rat ;fii .Jb^BTjg prevciu^d fr©ni defcribiijg the whole 
^rtiit'A.o BJD. Ai by the body of the ft^th, which in- 
•Jteff^pts its coqrfe at,B. But the part a. as of the 
^ipjt9al.ort>it.ofa;projeftile is fo;fmaiJ; Ih com-- " 
rparjfoii^to that part .which is not described,' that 'it ^ 
:*Say without any fenfible error be cp/ifidered afe a* 
parabo^^i except fo far as the refiftanc6 of the aat, ' 
which is not here regarded^ makes it /fi^l ;0i^rft of 
B> by deftroyihg part of its motion. 

Vot.L H Th« 
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V The orbit a g b d a, of which the par^dla k 
part, would have been defcribed upon the fuppd^ 
fitiorii that the attradtion towards the center con- 
tinues to obferve the fanie law within as without 
the Sphere. But this fuppofitiony however, is not 
truej for a fphere of uniform denfity, compofed 
of particles which attract each other with forces re- 
ciprocally as the fquares of their diftances, will at,- 
traft bodies without its furface according to the 
fame law ; relation being hid to its center. But 
the centripetal forces of bodies placed within the 
fphere, will be direftlj as their diftances from the 
center *♦ 

w Let the circle bcdo (fig. 4J.) i-eprefent the 
earth. From the top of the mountain a, let a 
body be projefted in the horizontal direction a f, 
with a force that will carry it to b on the furface. 
Imagine it to be projefted in the fame direftion 
with a ftill greater force, and it will be carried 
to c. A ftill greater increafe of force will cany 
it to D. And a yet greater augmentation v^U 
carry it round the eardi to ^, where it will pro- 
ceed with a velocity equal to that with which -it 
was firft prqjefted, and by confequence, the re- 
fiftance of the air being difregarded, will revolve 
in that orbit for even But if the proje6tile forte 
be ftill more increafed, it will defcribe the ellipfis 
A b A with an unequable motion ; flower at b iaSid 
fwifter at a, and continue to revolve for ever in 
that orbitl 

* Principia, I. 80, 
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Ifgravity afts in the diftant fpaces of the heavens x 
inverfely^according,Jto the fquare^ of tha diftances. 
It will bd eafy to apply this to the^ motions of the 
celeftial bodies. We fhall again refume this fub- 
jeft ; but in the meafi time it is neceffAy, that the 
appearances Ihould firft be defcribed before aa €X« 
pianation of them can be given. 



H 1 



BOOK 



i ^ '' < 



BO O K I. 



s E c r. itr 



Aftronomy. 



CHAP. I. 

CeNCERNING THE SYSTEM OF THE UNIVERSE. 

y fTTlHERE are two methods by which know- 
X ledge may be acquired and announced; 
namely, by analyfis, or by fynthefis. In the me- 
thod of analyfis the procefe is made from things 
that are compounded to things that are more 
fimple. Caufes, or firft principles, are inveftigated 
by attending to, and examining their efFefts. But 
in the method of fynthefis the procefs is diredly 
the contrary; for here the caufes, or firft prin- 
ciples> being known or aflTumedi are made by 
compofition or combination to account for their 
effe<fts* It is very manifeft, that in the acquifition 
of philofophical knowledge the former method 
' .luuft be firft made ufc of. We fee no fimpk 
events in nature, and we cannot come at caufes 
but by analyfing the effedls we behold, Thtis 

it 



it is nK^ ffi<t principles are- etttatn^di -wfeich^ jrtmy 
afterwards' h& extended hy fymhcfis', to acepunt for 
aiefer pbeaemenat ih^ a mere unrveriM- manner. 
^Seriepally fpeafeihg, the anal'yfis ajppears beff adapt- 
ed fd^ ^(j-oiring^ Ifen^wfe^gCi while the fynAetical 
mttH<*a* is i3i^t> i*dii^i8fnt a^ndf concife for eom«* 
hiimiea^Jng it^ wheci-kAownj; 

in* dfee-eomniuDiicacien of tfee^$j*owledge tfiat i^ j 
fetcs\tH^thdh€«fvea3iif^ lM)die^^. and: is teimed' aftro- 
nemj^' we* nv^t aflSime^ as eftaMiflicd^ fy& prin- 

* 

.cj|>^lfes^ c^ty thing ^kh re^efts- theif mutud* po* 
^on« aaid^iiKitioris-ab^blut^ly c^^ and^ftoni 

tftenee* ded^e* i^B^pie^lf the phenomena: diat 
iweuM a^daF g> a Ip e^toi^ pfa^ed- on the eartfi 
hs^ elftwRere. P^ we^ migftt ffifl more generally, 
fibnh Ae laws of macioftaffijnried at firfl^ principfcs^,^ 
4fcdli€e Ae .eanfeq«ene» diat wefuM ^ift ftom-.tftc 
jifiotiwia^ oT bodies^ i» ijii'cun^ne^^s $n:H as* the 
Aea?v^n]S|r feedifes* aape- I^own to fee placed^ irt By 
diefe meAer* jdle frifence rnmld be nwfl: Mpedi^ 
tieiifly taught> «nd^ ^en j^pofejg tte firft prifK 
cipfesf to te^merely^ aflUmed^ at- hasBardj .<^ gratm^ 
ueuflyi yet their coafilant ^gjpeement iimfe the events 
Aae h^pen m nati?re might fumyU jjOcinconfider^ 
2*!e prefeffipti^Dn of their tmdv Hbwwer, it i^ 
^elcaf, fiwt the knowledge, on whidr the fynthetical 
jneafoning 13: butltj muft be' eithcf aflfemed gratuiv 
toufl^, or obtainedl by anajyfe. It is not eafy, nay^ 
it is. perh^5 raipoffiWe, to fornt any^ conception 
ffc^w a-jfertt 'imcffigcnce cartj to ' any . advantage^^ 

lit 3 JP^? 
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make uic of firil principles taken without sr pre^ 
yious life of the analytical method of deduAipn, 
Yet the whole hii^ry of ns^tural philofophy afford^ 
numberlefs infbuices of men of rea) abilities who 
fiave indulge^ their yafuty and indolence in dc? 
ducing confeqyences from principles entirely hy-r 
pothetical, and often falfe. Far ^jxxn wiihing. tq 
imitate thefe, we fliall not affume, eyen $fl^li(hed 
truths, without giving their proofs where they ca^i 
be explained with that facility that our intendon 
demands. Inftead, therefore, of dej^ucipg the ap? 
parent phenomena from the real rppdons of the 
lieavenly bodies, it i^ prefumed that it will be 
much more i^t^refting, though rather more proli^ 
to note the obvious appearan(:es, and thence infer 
dieir caufes. '^hcih inferences have b^en die con- 
iequence of the obfervatipn and ftudy of ieveral 
p{ the mpft diftinguilhed nien of genius ip the 
courfe of niafiy ages, The truth has been acquh-ed 
by flow degrees, and indired: methods. It ha$ 
pften been obfcured by the admi^fture of erroTf 
Its progrefs has been retarded by the operation of 
prejudice, and the pride pf falfe fcience has with 
liifEculty giyen way to its force. ^ When difcovc^ 
ries are completed, it is cafy to trace the moft di.^ 
rctk fteps by which they might have been mad^ 
.though it has fcarcely ever happened that the dif7 
coverers proceeded by thofe fteps. * Let us thercr 
jore pafs over in filence the various and intricate 
fc hemes made ufe of to folve the celeftial j^ 
, pearances 
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pearaaces before the ancient fyftem of the world 
' was revived by Copernicus *, and fincc eftabliflied 
for ever by the , immortal Newton. Let us inna* 
gine ourfdves in the open air bufied in the con- 
templation of the phenomena that occur in the hea- 
vens, and while we note the fa6b, and make pliin 
deduAions from^them, we fliall be infenfibly led 
to t^e knowledge of^hat beautiful regularity and 
order that prevail through the immcnfe regions of 
Ibace, and evince the intelligence and power pfthd' 
incomprehenfible Firft Caiufe* 
. The firft and nrioft obyk)us phenomenon that a 
pnefents ijtfelf tp obfervation, is the apparent diur- 
Qal motion of the heavens, by which the fun,' 
moon, and ftars are fceji to rife and fet. This 
motion is obferyed tp befubjed to feeming irregu- 
larities. If its period be eftimated from fun-rife to 
fun-rife, a litde time eyince3» that the fun does not- 
always rife at the f^me point, nor remain above 
the horizon fo long in winter, as in fummer. The 
ipoop is.ftill Icfs adapted f0 the purpofe of deter* 
mining thi3 period, it^ variations being in every . 
rplpedt more conlpicuou;5. The ftars remain, which 
appear indeed tp rife and fet regularly, but yet in 
a period fliorter than the natural day j for thofe' 

. ?^ A. D. 1543, the year of his death. After fuppreffing Hi* 
book^ ** de Revolutionibus orbium celelHum," for more thaa 
thirty-fix years, it was at length publilhed, and a copy 
brought him a few hours before his death. Gailendus in 
id{^ Copernici. See alfo : Sir John Pringle's elegant *' Pi(- 

courfe on the Attraction of Mpuntains^V 

fi H 4 ftars. 



ftars. whkhi at at certam otm of i^ fiar 2^fS^ 
fo life «l! fnidxiight,. axt: found to moke t^ir Wj^ 
pearancc ^fliriy in Ac evenings aftcp the Ipace of 
three i^iontbfi is dapfed. It is thcFefore to be de- 
terjQiined, which of tfaofe motions ought to be Fe^ 
garded as the motion of the heavens ,- and h is 
touch more obvious and intelligible, to fuppofe^ 
that the fuo> by a relatrre motion to^ the ea([^ar4 
^ith refpedfc to the fixed ftar»> fhould make the 

yolution, than that aU the ftars, white they prc^ 
fefve t^ejf mutual diftances unattsered, fiiould con- 
Itantly moye "with a Telocity greater than that of 
the heaivenf • To detenmne this retatire path of 
idxe fun is not difficult. By the ihado^ of a pef ^ 
jpcftdicukr ftaffor othei equivalent inftrument a^ 
ttttd-daf . ' its raying defjlinatjon towards t|ie vajit^ 
W fowtii ma^ be known, and th€ advanee in tfie 
lafiog Qif the ftars li'ijH mark its difftrtttce in 
right afccnfioTu Sy thifi> 6r feme foch method^ 
it may be i^^oyered, i^^ whifc the fixed ftari 
i^fc and fet, each on ^ proper points of bearing 
or pofition; without varying their relative fitm^ 
tions J the ftm, by defcribing annually a cirple to- 
wards the eaft, inclined to the dh^(Sion of its 

, I \ * . . ^ ■ ' it* • ^ 

daily courfe in an angle of 2,3 1 * degree's, muft 
©ccafion all the di^erence of fealbnS, lejigth of 
pays, &c. 

* Evefy circle is Ajppofcd to be divided into 360 partSi 
which are called degrees. 



jfe brighteft fl^s^ af^ ofcjctfts^of ow attemioh. TKe 
|ifeii«'tai^ bdifeX- wiff ort- tltisr JtccotrAt be the^darfy 
^fejcfts^ ef (Hir Aotkc. fkt pfenet Tcittfs efj>cd[^ 
aHyy receabg froift Ae' Ait m tRc eaftwardf, wilf 
appeiar as* ttti evaiiitg fto ^t tjic weft aftq- fiinfet ; 
syid afterwairds inll* d^pear on its re-approachi to 
it, ahdbe feeir at a nearly equal' diftancc to the 
'leftward', and riling before the iiin, become af 
morning ftar. Tlte flbwnefe of it$ apgarent motioix 
near its greateff efongation or angular (fiftance from 
lS?^ fiin> evince* th^ h is- moved m an orbit, near 
0!e centef of whicit tfte fen is placed ; and the Ihort 
time employed in paffing from its grcateft elonga- 
tiion caftward to its greateft elongation wcftvrard, 
Tfsrfeen compared with the time of its courfe bctweicit 
]^ fameelongations^ in the contrary dire6Hon, Ihews* 
iSiat m revolution i& made from weft to eaft. 
fftiNi propcfrtion between its cfiftance- from the ftm, 
^nd tibat of the iim from the earth, may be fbtmd 
from the quantity of its greateft* elongation. 

To illxiftrate this, tet s (fig. 44..) reprefent the c 
frn, E the earth, imkn the orbit of Venus, csd 
^rt of the , ecliptic, or fun's apparent annual path 
in the heavens. ' Then to a fpeftator at e, lituated 
tl^arly in the plane of the planet's orbfit, the planet 
y^hen at b mil be referred to the point b in the 
pchptic ; and when by its abfolute motion in its , , 
orbit, it has defcribed the arc b u, it will appear 
to have defcribed the arc b d. When at u, it will 
fppear ftationary at d, and after a little time begin 
' to 



106 MOTIONS OP THB PLANET V^SVS. 

^ to move back from d to h: for afiser defcribing 
the arc u j^ it will again be feen at b. Continuing 
its coujrfc, it will arrive at v, havii^ apparently 
paffed thi30ugh the arc be. At v it will again 
become ilationanr and afterwards move to g« f. a. 
&c. which will be reprefented by their contfpond* 
^ng points in the ecliptic. Now, fince the motion^ 
as feen firpm the earth, is that which appears in the 
^liptic, and fince the^ apparent motion from b to 
j^ may as well be produced by a real niotion from j 
tp u as. by pne from b to u, it remains to be dctermin-- 
e4 i^ what diredion the real option is made by whi(;h 
the apparent motion is produced. -Now, bccaufe, 
? c and E D are tapgents to the orbit, the points o 
and c^ which correlpond with the pofitjions u and v,, 
4re thofe of its grcateft elox^atiops 5 and becaufQ' 
^e arc y v, which is paffed oyer in the inferior parti 
of the orbit between the two gre^eft elongatjons, in 
lefe than the fuperior arc v a b u, which h paffe4 
oy^ between the fame elongations, it is plain, that 
when the planet is in the inferior part pf the orbit,; 
the Ipace c d will be performed in |,efs tin\c than 
when it is in the fuperior part, Jt is alfo evident,v 
when the planet moves iq the fuperior part of its^ 
orbit, that the apparent niption in the ecliptic ha^ 

D the fame direftion as the real motion, Therefore,, 
fince we have a criterion to diftinguilh the mo-, 
tion in the fuperior from that in the inferior part,,, 
we can eafily determine the direftion of the mo- 
tion in its orbit; which is proved to be from wef^^ 
to call:. 



1 

I 
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. '^ PLANET VENUS, 1^7 

The diftance of Venus from the Sun, in propor- i 
pon rf that of the Sun from the Earth, is deter- 
mined from its greatell; elongation : thus draw the 
line V s^ which will be at right angles to the tangent 
VE ; then in the right angled triangle ves, by the 
Iriilejs of plain trigonometry. 

As radius 

Is to the fine of die angle of greatell elon*^ 

gationvES, 
So is the Sun -s diftance from the earth e s. 
To the diftance of Venus from the Sun vsJ 

By fimilar obfervations on the planet Mercury, it f 
is determined that its revolutions are performed 
found the fun in the fame manner, becaufe they an; 
accompanied with circumftances of the fame x^aturp 
fjs apjpear m the niotion pf Venus, 
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Cr THE FIGURE AND MOTION OF THE EAUTH. 

» 

« 

WE have not yet ocmfidfewd the efkOs ^w^sh 
the fun's annual motion ia the ecliptic has 
jujpoa the apparenir motions: of the planets, though 
it is very conlideraBle : neither have, tr^c determined 
ygh^ri^ diii apparent, anisnoal naotion* be the confe- 
(qpcnw of ;^i;eal motion, of. Ac ixnv about, tjie earth> 
or of the earth ro^nd the fun^ The. cceleftiAl phe- 
licimeija may be explained either way ^ but in arouch 
iiiore ITnntpre and intenigibre manner by the Tatter 
fiippofition. Wc Ihall therefore previoufTy give an 
account of the figure ofthe earth, and the reafbns 
on which the fuppofition of its motion is founded^ 
The proof will come more properly when we treat 
of the phyfical caufes of thefe motions. At prefent 
we only defcribe appearances, ami draw plain infe- 
rences from them. 

The purpofes of aftronomy require, that the fixed 
ftars fliould be clafled into conftellations. When 
their relative fituations are known, it muft foon be 
perceived, that their diurnal revolutions are per- 
formed round an axis, obliquely fituated with relpeft 
to the horizon, or circle that bounds our view; one 
of its extremities or poles being above the horizon 
to the * north, and the other as far below it to the 

* fti'this'efacidatidn the obfcrver is fuppcfed to be in north 
fctitude. 






OF TH^ lEAltTH. IO9 

(mthj and ceB^uemfy mvVihk. Bff tnvcUing tio 
the Mrthward^ ^ north jsok b t)bferved to iMopine 
.more dLevat64> md thst CTcadlly inproportian fio tiie 
l^oe travetted o^v^fi from which cbcurnii^anoe it 
fcUowS) chat the eaith U«3iUfid:(tt'ipbGric^. 

For^ let I B E^ fig. 46. i-efM^ieiA a pkmeiisdbioA «f k 

idie^earth at right angtes lo ksturfaoe^, let. a -B i«f>re- ' 

ient thepbnnb Inicxaripcppendictilar^ a&d«4>4iie liiie 

' (s>{ j&dBoEcm^ in 9^hicfc tthe ^ pole &ur is &en i JCbe 

imgle jLCiT 'Will then tbe the oomplenioAft «f tSte 

. adtitude of the ftar : 4et4he feme ftar *be feen fit)in 

4inflriicrpomt t, in theiine of dire<5fciofi « q^, '^ic^, 

by reafon of the great diftance of the ftar, itwy be 

sfaemodpacdlel:tx»B v; ditsitk^ D •C4^jv?ill then be 

. lecpal to theangie aws or <»Knpittrnciit of die^mitr 

^Bhkude fttiB. i^<»m "E dcaw thepidndb litie or ^^ 

|ic!idicular o^ f 4 thejn^ iKB4r .^^ithtn b^ tite^djf^ 

ference between the two co- altitudes abj^, F**<c>flt>r 

iibMMttea it^e two aititudts^ bin this diiFcflreki^e is 

. "fii^l ICO the ^aogle s csy fsmied tiai^te^n i^'^ilumb 

..Hn6S9.aQdi5f)rqiiiiionaitD ^e^rt ^^iM:^QtMft \, 

'• There is no ftariitaated at" the pole. ThciftarainUrft; 
"Minor, whicli is called the pole ftar, is about 2 f d&gree3 
^/iiftant fromit. . . 

t J^t 4te pdit a nrxithe Jine lotF <%; 4M {k»«iNi)pirer 
4iei^L^ -j^eiwneen thepfei^tttdxciiisR^A M> p k» which, ifxronti- 
^Ml«d, A9et At <». ^osccm «7f to t)^ di^d^d itttd ftftifkM- 
«ite fkufitber cf squol paita, ^y «ida>ii« c^ {>d!(peiMiM^A-s 
^if QX, &c. ^Fcrally jwtdotigtd *iii they irteet. Theh in the 
tttta(i%h «« I, cfee iichw, JH o, t 6, jtiseeqiisd, beeaofe ofp^oftd 
JO eq^ial anglcbat itmad i : and for a Ulse r^^rdb, i&tkfe tfi^ 



ItO TlCVtit OF The fiXRTH. 

KoWjif the angle formed between two peipfehdiculaiS 
to a given line be always in proportion to that part 
of the line comprehended between the perpendicu- 
lars, the line itfelf is circular: and that folid, 
whofe fedions, pafling through two oppolite points, 
are all circles, is itfelf a fphere* 

I Hence, if the length of the arc b e be meafured, 
aad its quantity in degrees known by obfervation 
on a ftar, the Icngdi of the whole circumference ef 
the earth may be found by this proportion. As 
the quantity of degrees is to the length mealured, 
fo is the whole circuniference, or 360 degrees to 
its length* 

K The naodern circumnavigation likcwife proves 
the fphericity of the earth j for, by failing contintu 
ally eaftward, or continuaUy wcftward, veffels arrive 

, agam at the port from whoice their firil departure 
was taken* 

t Alfo, in an eclipfe of the moon, the fhaddw 
of the earth is always projedted in a circular form. 
Now, it is evident, that the body, whofe fhadow 
is in all pofitions a circle, muft itfelf be a globe* 

M Unfurnifhed with thofe proofs, which the faga- 

' city and more accurate obfcrvations of later 

angle i c k, the fides i c, g k are equal. Tlic fame procefs of 
-argumentation mil extend to prove^ that all the fmall tri- 
angles between h and n are ifofeeles» having a common vertex 
at G ; that is to fay, there is no definite part of h n from whkh 
a right line can be drawn to die point 0, either greater ^r 
lefs than h g : h n is therefore a curve, having fuch a jpelation 
to a certain point, that all right lines drawn from it to^ ^at 
point are equri ; or it is circular. Which was to be iliavifc 

ages 



MOTIdl^S OP THE EART«. ifl 

*' • . • 

^- ages have afForded, the ancients could not adduce 
thofe reafens for the eartK'§^mqtion, that depend on 
the genersi laws of motion, and the nature of 
gravity. Without doubt they had recourfe to thofe, 
which depend on the moral fitnefs of things. They 
were perfuaded thtt the wifdom of the Creator had 
fofined every thing in diet beft 'manner polfible, and 
therefore, that when an effeft could be as well 
produced by fimple as by complicated caufes, the 

'^tfcrver of nature oUght to attribute it to the for- 

ft 

mer. They faw. the two^planets. Mercury and Ve- 
miSji^ revolving round the fun in orbits, whof^ radii 
are lefs than the diftance between the fun and the 
-earth: the fuperipr planets. Mars, Jupiter, and 
Saturn, were alfo obfcrved to move .in oitits 
about the fun, but at greater diftanccs than that be- 
tween the fun and earth. If the fun were fuppofed 
to move abfolutely in the ecliptic or- its apparent 
path, it muft carry the t>rbits of thefe bodies along 
with it, and confequently their abfolute motions 
mrfl be very complicated ; but if- the earth be fup- 
pofed* to defcribe an orbit round the fun, between 
Venus and Mars, the abfolute motions become 
fimple and natural, and an admirable uniformity 
prevails throughout the fyftem. 

The annual motion of the earth being allowed on m 
this principle, its diurnal motion would follow by 
the fame argument ; it being much more reafonable 
and confiftent to fuppofe, that die earth, by a daily 
revolution on its own axis from weft to eaft, fliould 
^cafion tlie apparent motion of the coeleftial bodies, 

than 
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bodies jQiodEd^ befides their odie/ 
varimis motions, have that aftoniikii|g ydoci^ 
wMclf*a.real diurnal motion would produce. XJte 
t)bje(9:ions^coaunoil obfervers might nrafce would be 
eafily di^oved by men whofe pen^atita htms 
capable offing thus far. Fr^ die phfervations 
» by wliich thft 1^erical>fi^ of.thaearth was d^-,» 
vered, th^ cMfUU <dib gather, that Ljpdies* fell not 
abfolutdy ^own, or 4n*a ♦dincjftion Jierfemblc -to 
pore ipace^-as was omaginedi^ b^ alwap in a line • 
dii-eded toxROurds the cen^r of jjie.earthy and con- 




inftaAces of fhips carried by die, tides in calm 
*weathe/ would likewife ferve to ihew^ tKat ii© 
relative motions or ^pofitions -of bo4ies are opt • 
changed by an equ^l velocity ^r en tp them in.tbe 
' iailie |>arall^ difedion. 
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OF THB MUTUAL APPEARANTCES OF THE SUPBRIOR • 
' AN© l^V^K\pK PLANETS. 

TH 4T the planets Mafs, Jupiter, and Saturn o^ 
revolve in orbits, which include the orbit of 
the earth, is evident, beqrtife^ey are freqiijently (een 
in the part of the ecliptic direftly oppofite to the 
flinj and that the ojl^it&^jfceftthefunias acenter, 
appears as well from thftfe oppdfitions whJch happen 
in every part of the efliptic^ as from their unequable 
apparent motions, wj^ich are explained by referring 
them to that center. 

** We have confidered the apparent motions of the p 
inferior planets as far as relatci to their fituation 
^ with relpeft to the fun. The motion of the cardi * 
, affects thofe appearances, to (peak in general, only 
by retardiijig the time they employ to return again 
to the lame fituation. 

The earth at e (fig^44.) is a fuperior planet with <^ 
Eefpe(9: to Venus, A lpe(3:ator on Venus at b would 
fee the e^rth e elongated from the fun under the 
angle e b s j which angle of elongation would 
increafe by the motion of Venus in its orbit from 
B to Uj where it becomes a right angle e u s. From 
J it would be feen in an angle of ftiU greater elon- 
gation E J s, and from m it would be feen diredly in 
pppofition to the fun. Faffing from m to k, v, &c. 

Vol. I. I the 
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the angle of elongation would decreafe till the arrivat ^ 
of Venus |.t* n^ wljence the ^arth wwM be in con- 
jlin£fion with the fun, and the angle 'of elongation. 
woul4 vanifti. This relaQve 'niotion of the fupe- . 
rior planet with refpedt xp t{ie;, fun is^ contrarjf to 
the order oT the fignsy or from caft to weft, and 
depends entirely upon&tlip motion of tjje inferior 
plai!et«on \fr1iich the Ipeftator is*fojppofed to be 
placed. * / . ^ 

If the earth e was, at a diftance indefinitely great> 
the lines be, u e, jpBf»3t(^^ight -be efteemed 
pamllel, and confequently the^fpeftator woald^ b** 
hold it always in th« lame point of the ecliptici 
its fituatioh with regard to the fan being varied * 
only *by the apparent motion of the fun, occafioned • 
by the real motion of Venus. But a^ this is by no • 
meai|is the cafe, an apparent motion of the earth 
among the figns of the ecliptic^will be produced- < 
Thus, i;he earjih viewed from ^, will appear among 
the fixed ftars atP; from b it will appear at rj 
from u at o, whfcre it will be ftationary fo long as 
the orbit- of Venus does not fenfibly differ' from its 
tangent ; from j it will be feen Returned back to k 
with a retrograde motion ; from m at p ; from k at 
Tj from V at q^, where it again becomes ftatio- 
nary ; and from a it will ,be again feen at t, iu 
motion having again become direft : whence wc 
may dbferve, that 

When a fuperior planet viewed from an inferior 
appears ftationary, the inferior planet; viewed af 

th« 
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II xhc fame time from the Superior i$ ajfo f^tionary; 

. * When the inferior planet Viewed^ from the fupe- t 
• rior movgp apparentjy r^f t»ograde, or contrafy td the . • 

Order of the figns^ Ae fyperior planet |jas alfo an 
/ appartwly retrogrkd^moticai. . ^ „ ^ „ 

But jfinte Wit earth has air anmial njption round u *• 
the fun in its jiS^bit, ( i ip, j^) we a^e therefor? to dif- 
co^er what part of thoi ^parent morion dFVenu§is 
produced by that caufe* It is pl^in^ that if the earth* 
were at reft, and Wn1!l^f?efr a^u^ its greateft elon- 
gation, "it would again be.feen in the fame pofi- . 
• tion, after perfomfing a comptete revolution in its 
•^or6it. But while'Vehu^ is performing this i*qyolu- « 
. 'yon, the earth is carried from e towards w, an'd fo 
p * fourth. Therefore Venus muft pafs between two 
L fimilar elongations, not only a complete revolution^ * 
• , , ; bift likewife the whole angular fpace which' the earth 
Ifas performed in the fSme time. Hence its perio- 
, dical time'fnay be found. For the cime between 
I two limilar pofitions is obferved fo be 583 d^s, 
I ^ Now, dfviding^the earth's orbit into ;}6^ equal ^ 
parts or ^jiays, the angular veidcity of Venus will * 
^ ' be denoted ty jthe angular ipace pafled ovtr in the 
given time, namely, one revolution, or. 365 days 
added to 583 days, equal to 948 ; and the earth's 
angular velocity will .|?e 583. 

<rhe periodical timers of Venus and the Earth wiU r 
be reciprocally as their angular velocities ; confe- 
quendy, . 

J 2 Aa 
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As die angular velocity of Venus - 948 ^ 

Is to the angular" velocity of the earth 583 ' 
So is the periodical time of tlie earth 365 ! ^ 
To the periodical time Qf Venus . 2244 • 
v^ Were it not for the fixed ftarsj it would be 
impofliblc ,to difcover or ^bfervc the ^annual • 
motion of the earth.- We * fhould condud^ that 
eack pfenet made a complete re^hition l^etween 
any two flmilar fituations wyh rcfpfCt to the tei^ 
becaufe the fpaces of elongation are fimilai|)r dc- 
fcribed, and are in quaHtfty the tame, i;rfiether the 
earth be, in motion or not. Thus, if the earth be 
fixed at E, the fame apparent etengations will be 
made by Venus with any velocity whatibeyer in-' 
its orbit, but they will occuir n^re frequently th« - 
greater the velocity. If a motion be given to the * 
earth in the orbit e w^ Venus will approach from 
u to M, which is now in motion, with a yelodty 
equal to the.difference between its angular vdoeify 
and that of the earth: or if the earA's angular 
velocity be greateft, it will apparently recede froni 
M, and defcribe its revolutions in the contrary di- 
redtion to its real motion. Now, a$ all the ap- 
parent motion of Venus in elongayoi^is known by- 
its approach or recefs from the Hnc s e, and fincc 
any angular motion of se can only change the re- 
lative velocity of Venus ; and fince a change of 
velocity will not alter the elongations, except as 
to time, it is evident, that we cannot determine 
whether £ be at reft or no, from the appearance* 

of 
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» « 4of the planets which revolve about |hc fiin. It is 
^ , riien frpm the Apparent motion of the fli% with re- 
*;/pcft to the fixed liars, tkat we conclude that the 
" earth defcribes aa orbit in about 365 days. 

If the fuperior planet -e be at reft, the retrograde x 

• motion of the inferior planet u among the fixed 

•ftars wis bdkhe fame as^t# motion in elongation, 

viz. tl>e ang^ if e v. But if e move m tMt lame 

d^eftion as v* fcut angularly flower, the arc«de- 

fcrib^d by. the retrograde nation in the 'ecliptic 

^U te lefs Aan that defdi-ibed between the two 

'• «ppofite elongations* The fame is true of the re- 

n * trograde motion of the fuperior viewed from the 

inferior planet. * ' * 

For the motion of e to>(rards w caufes* an ap- y 
[. * parent motion of the fiin towards d. And as the • 
! retrograde motion of u referred to the arc d s is * 

*, ♦ flbweft near the elongations, it is plain that u will 
- ' '|i<Jt !)ecome ftationarj^ in 'die ecUptic.tiil its appa- 
^ ^ sei^ motion in elongation from d^ towards s is 
equal to the fun's apparent motidh in the contrary 
[ • direftioni that is to fay, dM fome time after pafllng 
the greajeft elongation, fuppofe at d. After which its 
motion m\^ t^ecome retrograde till it arrhres at h, 
equidiftant from its greateft elongation on the other 
^ ' fide, where it will again become ftationary, its appa- 
rent motion in elongation being equal and contrary 
to that of the fun in the ecliptic. Now, the angle 
H E d is lefs than the angle of retrograde motion in 
elongation c e d. And fince the angle i e q is equ4 • 
to H £ d, it is alfo lefs than c e d . But tl^o^e angles 

I 3 ^ lEq 
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lEq and HBd are the meafures of the rctrogradfl^ ^ ' 
motions of the fuperior and^inferior^Ianets, when * ' ^ 
viewed from eachother. Whence the propofitjiDiia .* 

ris evident. • 1 



C H A, P. IV. 

OF THE SUPERIOR PLANETS. AND OF THE TRCTt 
FORM OF THE PLANETARY QRBITS. 



1 ■ « 

z^fTT^HE appearance of the earth when viewed 

X from Venus being explained, it will be eafy 

to apply that explanation to the apparent motions 

of the fuperior planets. Of the two inferior planets 

• Venus fe.rved us as an inftance ; and of the three 
fuperior ones we Ihall feleft Jupiter, as being the 
moft bright and confpicuous. The motions of 
tliis planet being accounted for, fimilar obferyations 
and fimilar reafoning will pbvioufly folye thofe • of 
the other planets, whofe particular phenomena will 
not, therefore, inquire a more minute elucidation.' 

A That the planet Jupiter reyolves in an orbit, 
which includes tliat of the earth, and relpeft? 
the fun as its center, was fhewn in the begin- 
ning of the , lafl: chapter ; and its apparent moy 
tions are obferved to be fimilar to thofe which it 
was proved the earth would have when feen from 
.Venus. It remains to difcoyer its periodical timp 
and diftance from the fun. 

B Let s (fig. 47.) reprefent the fun, e the eardi, 

J Jupiter, .the circle :pe a the, earth's orbit, and 

2 * Ac 
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^the circle j j a the orbit of Jupiter. Suppiofe Ju- 
' . piter to bc'irf^toppofiption to the fun. The earth 
^ revolving in its' orbit will, in the fpace of 365 
.' days, arrive again at e, but the oppofition will not 
then tjappen, becaufe Jupiter in the mean time will 
have moved in its orbit towards j. The earth mull 
/, therefore pafs through the arc ec or 33 i days be- 
fore 'it overtakes it. Confequently, the angular 
-^ocity of Jupiter will be denoted by 32-^* ^^^ 
•• that of the earth by one whole revolution, (or 2^$) 
added to 23 ^> equal to 398 4. But as the pe-r 
riodical times are reciprocally as the* angular yelo- 
cities,#it will be 

* As the angular velocity of Jupiter 33 *. 
Is to the angular velocity of the earth 398 1 
So is the periodical time of the earth 365 days 
To the .periodical time of Jupiter 4340 days. 

The periodical time of Jupiter being thus ob- c 
tained, it will be eafy to determine its f heliocen- 
tric place at any time before or after the oppofition, 
and the proportion of its diftance from the fun to 
thaf of the earth from the fun being known, its J 
geocentric place may likewife, at any time, be dif- 
covered. Its proportional diftance is thus found. 

The figure as before. Suppofe the earth to P 
have moved from e to c, in a given time. From 

* 

* Smaller fraftions being rejedled, the periodical times ar# 
not here exaft. 

t Viewed from the fun as a center. 
J Viewed from the earth as a center. 

J 4 Ae 
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the time may be found the quantity of the angle - 
ESC; and in the fame time Jupiter will Tiave moved 
to B, the angle jsb being alfo known from iks 
proportion to his whole periodical revolution^ 
Subtract the angle jsb from the angle j s c, and 
» the remainder will be the angle bs'c. Bypbfer- 

vation find the angle b c s, or Jupiter's dongation»- ; 
from the fun. In the triangle c b s, the ftm of the 
two angles b s c and b c s being takeh from 1 80 
degrees, leaves the angle cbs. Then, by plain ' 
trigonometry, 

E As the fine of the angle of the earth*^ 

elongation, when viewed from Jupiter c b s 

Is to the fine of the angle of Jupiter's 

elongation, when viewed from the earth b c s. 

So is the earth's diftance from the fun c s 

To Jupiter's diftance from the fun b s. 

p The angle of the earth's elongation, when viewed 
from Jupiter, is called Jupiter's annual parallax, 
and is always equal to the difference between its 
heliocentric and geocentric place in the ecliptic,, as 
a little confideration .will fhew. 

a. By fimilar obfervations on the other fupcrior 
planets, it is found that their apparent motions 
are attended with circumftances of the fame 
nature as thofe of Jupiter. The fame confe- 
quences muft therefore follow refpefting their or- 

> bits, periods, and other affeftions. . 

H Thus far we have fpoken of the appearances of 
the planets, as if their revolutions were performed 

m 



in circular orbits, in the center of which the fun 
was fupptfltcj^fo *be placed. But this is not the 
e;^fe, Conjunftions, oppolitiohs> fimilar elonga* 
tions^ or other mutual fltuations of the plapetSj 4o * 
not return again in exaftly the fame time, and their 
diftanccs from the fun afe found to be greater or 
lefs in difftrent parts of their orbits, their angular 
velocitids being always greater when the diftances 
are lefs. Thus, by the increafed diameter of the;, i 
fun during thte winter half-year, we fiAd that the 
earth's diftance is diminifhed ; and that it» velo- 
city is incfeafed> is evihccd fw>m the appareilt mo- 
tion of the fun, by which 4t paflfe through the 
winter half-circle of die ecliptic in flcar eight 
days lefs than . it employs to defcribe the fummer- 
half. By a variety of oWervations of elongation or • 
parallax, the relative or proportional diftances of 
the planets from the fun, and their velocities are 
found for every heliocentric pofition. Whence k 
they are proved to revolve in elliptical orbits, the 
fun being placed in one of the foci ; and their ve- 
locities are fuch, that a radius drawn from the fun 
to the planet, and fuppofed to move with it, de- 
fcribes equal areas in equal times. 

•The diftance between the center s (fig. 41.) l 
and one of the foci c of ah elliptical orbit, is 
called its eccentricity. The two extreme points 
of the tranfverfe or longeli diameter, l and u, arc 
called the apfid^s. If the focus about which the 
equal areas are defcribed be at c, the point l 
neareft that focus is called the lower apfis, and u 

I is 



I 



' ' 4 M 

12a ICCBHTMCITIES, NODES* 

is called the upper apfis; the diameter ul being ^ * 
called the line of the apfides. JBut it is more 
common to fay, that a planet is in" its* pyihe- 
lium whw at l, and ki its aphelium when at u. \ 

When the <earth is in its p^rihclium, the fun is * ^ 
faid to be in its perigee, and when the earth is in 
its aphelium, the fun is faid to be in its'apogec. , ; ^ 
M From the generation of the ellipfis (97, 13^ it is » 
evident, that the whole lei%th of the ftrihg is 
equal to the^ tranfverfe diameter: becaufe, when ' 
ihe point* a is at u,<Nic return of the firing from 
u to the neareft focus c, is exa6U^ • equal to the 
part between L and the other focus c, where there 
is no ftring. Let gh be the conjugate, or fliorteft 
.diameter of the ellipfis, and cg will be equal to 
. half the ftring, or half the tjsanfverfe diameter. 
Suppofe now a planet to revolve in the ellipfis 
about die focus c neareft l. Then cl will be 
its neareft diftance, cu its-greateft diftance, and 
CO its mean diftance. For, cc equal to sl, ex- 
ceeds the leaft diftance cl by the quantity cs, 
which is juft as much as it falls ftiort of cu, the 
greateft difl:ance. If therefore the mean diftance ^ 

CG, and the eccentricity cs of a planet be given, 
its orbit may be defcribcd : becaufe the greateft 
diftance is equal to the fum of the eccentricity | 

and the mean diftance. 5 and the leaft diftance is | 

equal to their difference, j 

^ The eccentricities of the planets are fo finall, 
that their prbits appro^h nearly to circles, 

If 
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If the plane of the earth's orbit were extended o 
^JncJefinitely eVerjr way, it would mark that circle 
jn the heavens which is called the ecliptic, or fun's 
path, If the orbit of any other planet be fituated , 
in this plane, it will always be feen in the ecliptic, 
whether viewed from the earth or the fun. But 
a the plane of the planet's orbit be obliquely fi. 
tuated with refpeft to that of the ecliptic, it will 
interfeft it in a line ' paffing through the center qf 
the fun, and the. plane^ will never be feen 'in the 
ecliptic but when in the points of interieftion^ 
Thefe oppofite points of the ecliptic are called the 
nodes, and the line of interfe£bion is called the 
line of the nodes. When a planet croffes the 
ecliptic from fouth to north, the^ node i> termed 
the «fcending node; and when it erodes fixMn 
north to the fouthward, the node- is termed the dc* 
fcending node. ^ 

The orbits of all •thd planets are inclined to the p 
ecliptic in fmall angles. 
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OF THB AFFECTIONS OF THE PLANSTS* 

Q^TJY fuppofing ourfelves in the place of one of 
J3 the ancients who difcovered the order of the 
planetary fyftem, we have difplayed in a curfofjr '^ 
manner feme of the moft ^vibus phenonmena^ and 
pointed out their natural confequencfs. V^hat has" 
been faid is fufficient to Ihew to thofe who are totally 
ttnacquainted with the fubje£t> that the dodtiSne 
0f a fyftem of bodies revolving round the fun is 
tat merely ideal, but founded on the ipod na- 
coral deduftion from the ^eleftial appearances.% For 
tiie proceiies by^ich the planets places are *de«- 
termined in eDiptical prBits, we refer the reader 
to treatifes written exprcftly on the fubjeft, 
and in the mean time procee(| to note fcvcral' 
of thofe afFeftions of the he^epljj bodifes, gs de- 
termined by the accurate obfervations of nKxiern 
tuTies. ^ 

E Seven planets, Mergury, Vepus, the Earth, 
Mars, Jupiter, Saturn, afld the Georgium Si- 
dus *, revolve about the fun in orbits included 
within each othe^, in the ord^r here ufed in men- 
tioning their names, Mercury being neareft the 

« 

• This planet was difcovered in the yea?^ 178 1, by Wil- 
liam Herfchel, Efq. a native of Hanover. 
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-$un. Thele are called pAmary planets, belides 
whifch, there are ten which are called fecondaiy 
planets/ Moons or Satellites* The fecondary 
planets refpeft the primary planets, perfonning. 
their revolutions- about thcrti, but are at the fame 
time carried round the Sun in the orbit of the pri- 
ijiary, « S&turn is attroded by five Moons, Jupiter 
by iwr, and the Earth by one, all which, except 
.the laft, are invifittlb to us, by reafoii of their 
ihfiallnefs and^diiUnce, wlefs tekfcopes be made ulc 
gf. Withofit^.this iflftrwmeft, it ^ould likewife b^ 
impoii^ble to Ifcertain the apparent diameters of any 
of the cceleftial bodies, the Sun and Moon ex- 
cepted. The foUpwing table exhibits fome of the 
^e&ions of the primary planets^ 
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' Greateft poflible clon- *% 
gation of inferior / 
anif parallax of fu- f 
perior planets, - 3 



Anno 1784. 
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ftances from the 
fun^ 



Periodical revolutions, 



Diurnal rotations, - - 
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orbits to the eclip. > 
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Eccentricities, 
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ion of axis tol 
iq'uatorial dia- > 
r, - - i 



Proportion of axis to' 
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meter. 
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180. 20' 



38710 



87 d. 23 h. 15I m. 
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70. cx> 



7960 



I f. i5deg. 46|m. 



8f. i4d. 13 m. 



VXNUS. 



47». 48' 
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"♦*■ 



-*-^, 
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.&L 



* 14218 



1 f. 17 d. 59 m. 
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no. 51' 



• 5*0098 



9,h. 56 m. 
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123778 
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10761 d. I4h. 36|ni. 
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*"• 40 J' 



531^ 



3 f. 21 d. 48 1 m. 



9 r. od. 45^ m. 



Unknown. 



20 



// 



1903421 



30445 d. 18 h. 



Unknown. 



46'* 12' 
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3 r. 13 d. I m. 



II f. 23 d. 23 m*. 



Un'known. 
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CHAP. vr. 

» ■ 
Of PARALLAXES, AND OF THE TRANStT OF VENUS. 

• t 

ON E ^f the moft ufual methods of meafuring 
inacceflible diftances, is by *ntie^ns of two 
fta^lons whofe dillance from eacji btlier is k»own, 
and the angles formed at each 'ftation between 
Imes fiippofed to be dra*wn from the diftant ob- 
je<9: to them/ ^d the line that joyis the ftationl 
to each other. Thus thje diftance between a and 
B (fig. 48.) being known, as likewife the arigles 
CAB and CBA, die diftance ^c or bc may be 
readily found by plane trigoRometry. ^ 

Suppofe .the objeft c, when ^ vifewed from b, 
(fig. 48.) to coincide with anothe;- objed s, .which 
is at a diftance indefinitdy great j • thtn the objeft 
c will not appear to cojncidt with s, when viewed 
from A. For &, on .account of its great diftance^ 
will be feen in the line as, parallel t0 ss ; ,and c 
will be feen in the line ac, the. angle sac being 
the -difitrenct -between the apparent places from 
A and B. This angle, becaufe of the parallels as 
and Bs, will be always equal to the angle acb, 
and is by aftrbnomers called- the parallax. It is 
ulually diftinguiflied by fome appellation relative 
to the nature of die line a b : for inftance, it i$ 
c^ed the annual parallaix, when a b is the radius 
of the annual orbit .; the diurnal paraUax, when 

a^ is the femidiameter of the earth, &c. 
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It is almoft unneceflary to obferve, that the longpr U 
the line a b is in proportion to the diftance of c^ the 
greater the angle a c b, and that in moft praftical 
cafes, the greater the angle the lefs is the diftance 
affefted by any fmall error. It is therefore requi- 
(ite that the bale a b be as large as poiTible or coj>« 
venient. 

The diliances of the planets were found by tri- y 
gonometry, the diftance of the earth from the fun 
being alfumed as a bafe. But as that bafe cannot 
actually be meafured, the faid diftances are only pro- 
portional or relative, the bafe being fuppofed to be ' 
divided into idocoo equal parts j but whether 
thofe parts are nriiles, leagues, or anfwer to any 
other denomination of length, was not determined- 
The real diftances ntuft be difcovered by a paral- - 
lax whofe bafe is known. 

The diameter of the earth is the loAgeft tight line, vf 
whofe length we can- obtain from admeafurement, 
and is in general the bafe ufed for determining th« 
diftances of celcftial objedts by their parallax, whiclv 
parallax is found as follows : 

Let A o B (fig. 49.) reprefent the earth, c its ceil- x 
ter, and z the zenith or point in the heavens, fituated 
perpendicularly over the point o at its furface. Then 
c H will be the rational horizon, and 6 k the fenfiblc 
horizon. Suppofe a Ipeftator at c views a celeftial 
objeft at z, the revolution of the earth will caufc 
it to move apparently through the quadrant z h in 
fix hours, at the end of which tinae he will fee it in 
the horizon at h* But to a fpeitator at o it will ap- 
^ Yql. I. . K ' petr " 
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pear in the horizon when at k,. after paflTng through; ^ 
the apparent quadrant or right angle z o k, in a timer 
as much lefs than fix hours as the arc z ic is lefs than 
z H, or 90 degrees. Hence the time of an objeft's 
pafli'ng between the 2enith and fenfible horizon 
being known, the angle o k c, or hof i^onral paral- 
liax, may be found.. For,, as fix hours is tp 90 
degrees, fo is the tinle obferved^to the arc z k, which 
being taken from 90 degrees, leaves the arc k h 
tdeafuring the angle kc h, which is equal to okCj 
or the horizontal parallax. 

The horizontal parallax being difcovered, the 
diftance of the objieft follows by this; analogy j ia 
the triangle okc. 

As the horizontal parallax^ fine - -^ o x c 
Is to the earth's femidiameter • • - o c 
So is radius - • • fine - 90* 
To the diftance - • • - c r. 

The fixed liars, have no par^lax, either hori-' 
zontal or even annual, whence if follows, that their 
diftiances are beyond all comparifon greater than 
that of the earth, from the fun. 

It is obvioufly unneceffary in obferVations of pa- 
rallax to wait till the objeft has defcribed the whole 
apparent quadrant z k (fig. 49.) : for, when it is 
arrived at e, the angle z c e may be known from 
;he time, and zoe fi-om obfervation,, and their, 
diff^erence will be the angle of parallax oec: fo^ 
that in the triangle oe c are given two angles, and 
the fide o c^ from, whence the other parts, arc eafilf 
found. 

ObfeFf 
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Observations of parallax are conveniently made b 
hy the help of the fixed ftars. Thus, if the objeft 
£ when at ?. be feen }n a given pofition with reQ>e(5t 
to a fixed ftar, it wil} cpntinue to haye the iamp 
.pqfition when arrived at 5, provided the fpeftator 
be at c ; but if the fpedtator be at o it will t^e feen 
4eprefiibd l^elo^ its former pofition by the cj.u^ntity . 
9f the par^lax p o ^, ^ecai^fe the ftar ha§ ao p^r^llgx, 
but is feen in the fame apparent place either from o 
or c. 

The Sun's parallax is fo eKcoedingly fmall, diat c 
the beft inftruments in the hands of the 1710^ fkilfi4 
obfervers, haye fcarccly .effibfted mprje than to ihew 
that it has ojne. To rjeiiaedy tj)is, the horizontal d 
par^laxes of ^he nearer planets have beei> attempted, 
particularly of Mars, when in.oppofitioa to the $iui, 
this planet being dien as near again to thej£aitl^ 
as the Sun is, and has dierefbre a parallax t^ice a^ 
great. But as this p^allax is not fownd to ei^ceed 
half a minute .of a degree, the unavoidable uncer- 
tainty of ol^fervation, and other caufes^ render jf, 
not fuffidently exad to determine the Sun's diftance 
;within a 30th part of the whole. It is eafy to com- 
prehend how. the Sun's diftance may be foynd when 
-the djftaacp of Mars, from the Earth, in oppofition, 
is known. Thus, if s (fig. 50.) be the Sun, e 
4<he Eiacilx, ^nd .1^ Mars, in oppofition, then e m 
•will he the diftance :Of Mars from the E^th, nn^ 
j^fp 4^ 4iffQreaQe betTfveen ms and es, or the re- 
J&)e<^ve.dift^QiQC$ 0/ Mars and the Earth from the 

K a • Sun, 
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Sun. The proportional diftances are known. There- 
fore, 

As the difference between the proportional dis- 
tances of Mars and the Earth from the Sun, 

Is to the proportional diftance of the Earth from 
the Sun j 

So is the diftance between the Earth and Mars in 
oppofition, or the difference between their real dif- 
tances from the Sun, 

To the Earth's real diftance from the Sun, 
, Several other methods were deviled by the anci- 
ents for difcovering the Sun's parallax, which> 
tliough they fhew the fagacity and penetration of 
their inventors, are lefs fufficient for the puipofe 
than the foregoing. We Ihall therefore omit ttien- 
tioning them, and give a ftiort explanation of that 
for which we are indebted to the great Dr. Hal- 
ley, by which the diftance of the Sun is determined 
with greater accuracy than by any other method. 

The planet Venus, as has been Ihewn, paffes 
the Sun twice in revolving from any pofition of 
elongation to the fame pofition again (105, c). 
At thofe times this planet is faid to be in conjunc- 
tion with the Sun. 

When the planet Venus is /ituated in a line be- 
tween the Sun and the Earth, it is laid to be in 
its inferior cbnjunftion ; and when it is in the oppor 
fite part of its orbit, the Sun being in a line between 
it and the Earth, it is faid to be in its fyperior 
conjunftion* If the orbits of t|ie Earth knd Venus 
■^ were 
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>verc in the fame plane, it is evident that Venus 
would pafs behind the Sun lyith a direft motion 
every fuperior conjunftion, and would pafs over 
its * difc, or before it, with a retrograde motion 
every inferior conjunftion. But as Venus's orbit 
is inclined to the ecliptic in an angle of about 
3 i degrees, this planet will, in general, pafs to the 
northward or fouthward of the fun, and will only 
be vifible on its dilc when the inferior conjunction 
happens at or near one of the nodes. This hap- 
pens but once (or Ibmetimes twice at an interval 
of about 8 years) in more than 1 20 years. 

To fhew how this tranfit is applied to the pur- h 
pofc of finding the Sun's diftance, we Ihall pals 
over thofe elements that enter into the computation 
previous or fubfequent to aftual obfervation, and 
(hall only explain the general principles on which 
the method is founded. 

Let s (fig. -51.) reprefent the Sun, e the Earth, i 
V, u, w, the planet Venus in different pofitions, 
the arc L N a part of the Eafth's orbit, and the arc 
o M a part of the orbit of Venus. Then, becaufe 
the angular velocities of Venus and the Earth arc 
known, as alfo their proportional diftances, it will 
be eafy to compute the time Venus will employ in 
pafling through the arc v w, which, when viewed 
from the Earth, is equal to the known diameter 
(or chord), of the Sun cd; the heliocentric value 
or length of the arc v w may likewife be readily 
^found. Suppofe then an obferver-at a on th« 

* Surface. *. 

K 3 Earth's 
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Earth*s furface to view the planet Venus at v, it 
*^ili appear juft entered within the Sun's difc at c, 
^d palling in the arc v w, will appear to defcribe 
the line c p, arriving at d at the end of the com-^ 
J)Uted time. But during this time the obferver 
^vill, by the Earth's diurnal revolution, be carried 
ifrom A towards p; amj arriving at p at the fanie 
inftant tliat Venus arrives at u, will behold the 
trahfitjuft finifhing at d; confequently it will b6 
of a duration proportionally as rquch fhprter than 
the computed time, as the heliocentric arc v u is 
Ihorter than vw. The arc vw is knoWn by com- 
putation, therefore, fince Venus's motion may ii\ 
very fmall arcs be reckoned uniform. 

As the computed time 
Is to the computed arc v w. 
So is the obferved time 
To the arc - v u | 

tci^hich being taken f|-om vw, leaves the arc yw, 

that fubtends the anjgle u d v. This laft angje h 

the parallax of the bafe a p 5 and the bafe a p i? 
found by the analogy 

As one day or 24 hours 

Is to the ciritumference of the earth (or paralr 

lei of latitude) 
So is the obferved time 
To the arc a p, whofe chord is the bafe, 

|c But becaiufe the niinuteft errors in a bufinefe qf 
this nature are of very greap qonfequepce^ apd be- 

caufc 
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jcaufc the length of the arc v w, depending on the 
Sun's diameter, can fcarcely be obtained by calcuja* 
«tion to that extreme degree of exaftnefe, which is 
j-equifite, it is advifabl^; to take another obfervation 
on a jAace fo fituated on the Earth, that the obfcrver 
being carried in a direftion apparently contrary to 
xhc former, the errors may counterad each oth^. 

Let the repfefentatioos be as in the laft figufe. l 
If the fuh have declination at the time ^f ^he 
.tranfit, b (fig. 52.) will reprefent t|ie pole towands 
which the Sun declines. The obferyer at a, if gc 
• .reft, would behold the tranfit during the time 
Venus pafles from v to w, but being by the Earth's 
fdiurnal revolution carried from a through -the arc 
j^ E p to p, and arriving at p at the inftant in which 
Venus arrives at u, he will perceive the tranfit 
juft finifliing at d ; confequently its duration will 
be as much longer than the computed tinrie as the 
heliocentric arc v u is longer than v w. v u being 
ibund by the before mentioned analogy, the dif- 
jence between v u and v w is w u, or the parallax 
•of AP, as before* 

r 

Now, in thefe two cafes, a fimilar error will m 
ihave a contrary eflieft in the firft to that which it 
has in the latter. For if by any error, the com- 
puted arc vw (fig. 51.) be taken too large, the 
arc u w, and confequently the parallax will come 
out too great. But in the latter obfervation, if the 
computed arc vw (fig. 52.) be taken too large, 
the arc wu, and confequently the parallax will 
coaie out too little. Therefore the mean between 

K 4 two 
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two fuch obfervations will be much more to be 
depended on than eidier fingly. 
fj By obfervat;ons on the tranfits of Venus over 
the Sun in the years 1761 and 1769, the Sun's 
mean parallax was found to be 8 y fcconds, and 
hence the Sun's diftance is deduced to be very near 
11900 diameters of the Eardi, or 8 1818400 ♦geo- 
graphical miles. ' 

The laft three articles in Chap. V. concerning 
the afFeftions of the planets are deduced from this 
diftance; for. 

As the proportional diftance of the earth 

Is to its real diftance. 

So is the proportional diftance of any other 

planet 
To its real diftance. 

* A geographical mile is ^'^ part of a degree of the c|rtlj» 
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THE fecondary planets, as was before ob- o 
ferved, are ten in number, five of which de- 
fcribe orbits about the planet Saturn, four about 
Jupiter, and one accompanies the Earth. The 
fecondaries of Saturn and Jupiter are obferved by 
the telefcope, and by theh* motions in elongation . 
ro the eaftward or weftward of their primaries is 
obtained the knowledge of their diftances and pc- 
xiodical times, in the fame manner as has been al- 
ready ftiewn and -explained in the planet Venus 
(105, c). Saturn is likewife attended by a phe- 
nomenon, which to us appears to be a large broad 
ring, of no vifible thicknefs. Its breadth is equal 
to its diftance from the body of the planet, and its 
diameter is to that of Saturn as 9 to 4. The moft 
probable conjecture is, that it confifts of a vaft 
number of fatellites, which revolve in, and en- 
lighten that region. 

Of Saturn's five moons, the periodical tinnes: r' 
Firft, I** 21** I9'"i Second, 2^ I7^4I"J Third, 4'' 13^ 
47™; Fourth, 1$^ 22*^ 41" J Fifdi, 79^ 22^ 41™.— 
Diftances in femidiameters of the ring, Firft, i -^^^ ; 
Second, 2 A; Third, 3^%; Fourth, Srloi Fifth, 
^3tox- — ^ Jupiter's four moons, the periodical <i^ 
times: Firft, i*^ j8^ 27" 33*; Second, f if 13^ 42'; 

Third, 
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Third, 7' j'' 42"33'i Fourth, 16*^ le"" 32" 8*. Dlt 
ftances in femidiametcrs of Jupiter : Firft, 5AV^; 
Second, 91^^; Third, i4T'A*trj Fourth, 25toVo^ 

L All the planets, both primary and fecondary, 
receive their light from the Sun. This is evi- 
dent, becaufe that face only is enlightened iwhich 
is turjied towards that luminary, as may be more 
particularly fcen in our Moon^ a greater or lels 
part of which is vifible, according to the jDofitioa 
isi which we lie ibr viewHig the Uluminated face. 
The fame vaiieties are ieen in the planets Mar^ 
jlnd Venus, Bot to mention the txaniits of Yenus m^ 
Mencury over the Sun, at which time they j^pear 
^ black unenlightened :^ts. The phafes of Ju- 
piter and Saturn are always roxind and full, be- 
caufe the Earth is fo near the Sun in jeiped ^ 
their diftances, that their dark fide can ,never Jbc 
i^nCbly turned towards us^ jset, that they arc 
<^pake> is evident from the difappearing of Ji]pi- 
ter's moons -when they enter into its ihadow. JVmi 
though by reafon of their vaft diftance the like ob- 
icurations of the fetejiites of Saturn cannot be 
obferved, yet we can plainly fee that the ring cafts 
•a ihadow on its body: whence we may be cer^ 
tain of the opacity of both : for if the /ing were 
not opake it could caft no fhadow, and if Saturtt 
ihonc by any native .light of his own, the inter- 
<:eption of the Sun's light would caufe no defei^ 
or Ihadow on his body. It is unneceffary to ob- 
ferve, that the Earth and its Moon ape illumiiiated 
only on that part or fide on which the 'Suivihirve.&. 
I Whem 
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When one jplan^t intercepts any part of the Sun*s ^ 
Jight from another, the planet from which the 
light is intercepted is faid to be eclipfed, if it be a 
fecondary. But if they are both primaries, the in- 
ferior planet is faid to make a tranfit. When the 
moon intercepts the Sun's light from the Earth, it 
is ufoal to fay thie Sun is ecKpfed, though, properly 
Ipe^ing, it is the Earth th^t is eclipfed. 

Them are three ways in which the fatdlites qf t 
Jupiter or Saturn may difappear from an obfcrver 
jplaced on the Eaith. Thus, let s {fig. 53.) repre- 
fent thie Sun, e the EarA in ks orbit, j the pla-*^ 
pet Jupiter and its tnoons. Then tfee outenjtoft 
fatellite, for example, will difappe^ on the enlight- 
ened face of Jupiter when at its inferior conjunc* 
tion M, It will dfefo diJ^pear at its Iqperior . 
conjun&ion n, being -hid behind the body of the 
planet. And laftly, it will difappear when at o, 
being eclipfed in paffing through the fhadpw of 
Jupiter, 

From thefe eonfiderations is obtained a good u 
method of finding the parallax of the Earria's annual 
orbit, For which purpofe the iniftant of the fatel- 
lite*s firft diftppearance behind the body of Jupiter 
muft be <j^efuUy obferp-ed, aslikewife the inftant of 
its re-appearance : the middle inftant will be that 
f>f the -fuperior conjuriftion at n. In like manner, 
the middle-inftacnt of the eclipfc at o muft be foumi* 
The time the Satellite employs in paffing through 
the arc no will thus be known, and confeqoicntly 
fSipa^eNjo, |?or. 

As 
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. As the periodical time of the fatellitc ' 
Is to die time of paffing the arc n o, . 
So is the whole orbit or 360 degrees 
To the angle n j a. . ' 

But the angle n j o is equal to the angle e j s, or 

the annual parallax. 

V By the obfervations of thefe eclipfes, the difcovery 
of the longitude on Ihore is eafily obtained, but the 
violent motion of fhips at fea has hitherto prevented 
the ufe of telefcopes on board proper for this purpofe, 
though there are good reafons to believe that this 

w difficulty is not infurmountable. From thefe obfqr- 
vations it alfo appears, that light is not propagated 
from luminous bodies in an inftant, but pafles 
through a given ipace with an affignable velocity. 
This velocity is extremely great, for it pafles through 
the whole diftance between the Sun and the Earth 
in about eight minutes j that is to fay, at the rate 
of one hundred and feventy thoufand miles in a 
fecond of time. For the periodical times of the 
fatellites being known, it is not difficult to deter- 
mine the precife time of any of their eclipfes. But :j 
it is found neceflary to make an allowance for the 
pofition of the Earth with refpeft to Jupiter, fincc 
the eclipfes happen fooner when the Eardi is at f, 
(fig. 53.) in its orbit, than when at a greater dif- 
tance, fuppcfe at E; and as it is abfurd to fup- 
pofe, that the pofition of the Earth Ihould fenfibly 
and equally affedt the periodical revolutions of 
bodies fo vaftly remote, and revolving in fuch dif- 
ferent periods, it is an opinion u.niverf;jlly received^ 

and 
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artd confirmed by other obfervations on the light 
of. the fixed ftars *, that the eclipfcs happen later 
when the Earth is at e than when at f, becaufc the 

« 

light muft in die latter cafe pafs through a fp'ace as 
much greater as the line je exceeds jf. 

CHAP- VIII. 

OF THE MOON. 

THAT the Moon revolves round the n 
Earth, is proved from its apparent diameter, 
which continues at all times, and in all pofitions> 
nearly of the fame magnitude, whence it may be 
cafily inferred, that its diftance from the Earth is 
nearly at all times the fame. Its horizontal parallax, 
which at a medium is about 57 , ihews that it is 
v^ry much nearer to us than the reft of the celeftial 
bodies. 

The moft remarkable appearance in the Moon is t 
the continual change of figure to which it is fubjeft. 
Sometimes it appears perfe&ly full or circular, at 
other times half illuminated, and at other times 
more pr lefs than half; . changing through a very 
great variety of figures. Thefe changes being always 
the fame at the fame elongation from the Sun, are 
a proof that it rieceives its light from that luminary : 
for the Moon is enlightened only on the fide that • 
faces the Sun ^ and a greater or lefs quantity of that 
enlightened part is vifible to ^$, according to puf 

^ The aberration of the fixed ftars arifing from the progreP 
£ve motion pf ijfht> will be explained in Book»IL $ed. I. 

pofition. 
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pofition. This cannot be better illuflrated than hy 
an ivory ball^ which being held in the Sun in vari*" 
ous pofitions, will prefent a greater or lefs part of 
its illuminated fide to the view x>f the obferven 
If it be held nearly in oppofition, fo that the eye 
of the obferver may be almoft immediately between 
it and the Sun, the greateft part of the enlightened 
fide will be feen. But if it be moved in a circu- 
lar orbit towards the Sun, the vifible enlightened 
part will gradually decreafe, and at laft difappear 
when the ball is held diredilly towards the Sun« 
Or, to apply the experiment more immediately to 
our prefent purpofe ; if the ball at any time, when 
the Sun and Moon are both vifible, be held dire6fcly 
Jbetween the eye of the oblmrcr and the Mpon, 
that part of the ball on which the Sun ffaines will 
appear exadly of the fame figure as the Moon 
itfelf. 

"z The Moon's path or orbit is inclined to the plane 
of die ecliptic, in an angle of about five degrees and 

A a quarter. Its periodical revolutipn is perfonziod 
in twenty-feven days, feven hours, forty-three mi- 
nut?es, eleven feconds and a half ; but becauie;» 
during that time the Sun^ by its apparent motion^ 
:advances confiderably in the eclipuc, a fpace of 
;about two days and a quarter is required by the 

B Moon to overtake it. When the Moon is as nearly 
in a line between the Earth and the Sun as the in- 
clination of its orbit will allow, dt is called the New 

c Moon ; and when the Earth is in like ^manner 

. between the Moon and the Smij the MoQa i$ f^<l tP 

be 



Ije full* The time between two focccecfing full p 
itioons is cdled the fynodical revolution, and 
exceeds the periodical revolution, for the reafon 
already given, it being performed in twenty-nine 
days, twelve hoursj forty-four minutes, and three 
fec(>nds« If the new or full Moon happen near the £ 
node, ftrt €dipfei takes place ; at the new Moon, 
the Moon being int^ofed between the Sun and 
Earth, occafiioris mi eclipfe of the Sun ; at the full, 
thft Mooh entering into the Ihadow of the Earth, is. 
deprived of the Sun's light, the Earth being inter- 
pofyi between it and the Sun : which phenomenon 
is tailed a lunar eclipfe, or eclipfe of the Mooiu 
At other times, tliat is, when- the new or full Moon 
happens at a diftance from the node, the Moon paffes 
too fkr to the northward or fouthward of the cdi|K 
tixr, cither to intercept the Sun's fight from the 
Eartfc, or to enter the Earth's Ihadow, and confe- 
qucndy no ecHj^ happens? 

It ii determined froth obfervations of angular r 
velocity, parallax and apparent diameter, that the 
Moon revolves round the Earth in an elliptical 
QAnty in the focus of which the Earth is placed : 
and thatt its velocity is# fuch, that a radius joining 
its xxrttet with that of the Eardi does very neariiy 
defcribe equal areas in equal times. 

The line of the apfides, or principal diameter jb; 

pf the Moon's orbit, is not fixed or ftationary, tut 

revolves with an irregular or libratory motion from 

weft to eaft : completing one revolution m almoft 

mat years,. 

The 
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iThclinc of the nodes is alfo fubjeft'to-a-like 
irregular motion frorfl eaft to weft, which is com- 
pleted in almoft nineteen years. 

' The variation of the Moon's motion in any 
part of its orbit is the difference between its real 
motion and that which it would have had, pro- 
vided it had defcribed equal areas in equal times. 
This is governed chiefly by its elongation from 
the Sun. During the firft quarter its velocity is 
ilijninilhed ; in the fecond quarter, from the qua- 
drature to the oppofition or full Moon, it is in- 
creafed j in the third quarter, from the oppofition 
to the laft quadrature,, the velocity is again dimi- 
nifhedj and from that quadrature to the con- 
jundtion, its velocity is again increafed. The 
quantity of angular motion loft exceeds the quan- 
tity gained : therefore the whole periodical revolu- 
tion is performed in a longer time than wquld 
have been employed if the Moon were fubjed to 
no fuch variation, but defcribed equal areas in 
equal times. 

This variation, and confequently the retardation 
of the periodical time, is greater when the Earth ijs 
in the perihelium, and lefs when the Earth is in 
the aphelium: whence it comes to pafs, that all 
the Moon's revolutions are not equal, but are per- 
formed in lefs time in the latter fituation than in 
the former. 

On all thefe, as well as other accounts, die de- 
termination of the Moon's place in the heavens 
for a given inftaht of time has ever been a pro- 
blems 
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bliem . of gfeat difficulty, which till of late years . 
has not been folved to any confiderable degree 
of exaftnefs. Within the laft twenty years the 
Gommiflioners, appointed by the Englifli govern- 
ment for the difcovery of the longitude, have par- 
ticularly attended to this branch of aftronoray, and 
by publilhing almanacs in which the Moon's elon- 
gation from the Sun, and from certain fixed ftars, 
is aftertained . for every three hours, have enabled 
navigators to determine the iituation of Ihips at fea 
in general within thirty miles of the truth. This 
is an advantage of Angular ufe in long voyages, and 
is at preferit niuch ufed in the royal navy, and Eaft 
India Company's fhips* 



C H A P. IX. 

CONCERNING THE ECLIPSES OF THE SUN AND 

MOON. 

WE haVe feerl in what manner the periodical 
revolutions of the celeftial bodies, toge- 
ther with the figure, magnitude, and pofition of 
their orbits, may be relpeftively determined by ob- 
fervations made on their apparent motions and 
fituations. From the properties of the ellipfis, 
and the eftablilhed law of their velocities (121, k), 
or otherwife, more immediately from the confidcra- 
tion of gravity (98, w, x), aftronomical tables arc 
computed, by which the places of the heavenly bo- 
dies may be found (ot any inftant of time. The 
Vol. I. L conftruilion 
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cociflruftioa and u& of diefe would leatl us. too ^ 
from die concife and exterior incw of pLemaBiena 
that our limits require : we ihall riierefore afiume^ 
M a0 a diing granted of courfe, that the -place of ao^ 
cdeftial body coay be founds for any: given inftaat of 
ttme. 
IT The edip&s c^ the Sian and Moan are phem> 
- tnena that conomand the attsendoa even of the 
irulgar, who have alway«3 retained a. frqperiHtiDus 
Tcnerarioo for the fpiemre of aftronomyy chiefly 
OD. account: of the means it afibids of foretelliog 
rv'ents of this nature. And though in reality- dw 
^Owledge required in calculating an ec&pfe docs- 
not eflentially differ from that employed ia deter- 
mining the time of the rifing and fetting of the j 
Sun or Moon, yet, there is no doubt but a more J 
particular attention to this Cibjal will be accept* j 
able to the reader. 

o As the Ihadows of the Moon and Earth are the 
caufes of eclipfes, it will be necelTary firfl to deter- 
mine their figure. Becaufe the Sun, the Earth, and j 
the Moon, are ^heriGalbocSes>.itfdllowsithat Ae 
ihadows. of the two latter* muft be either conicai 

^ or cylindrical; that is to fey (fig* 54- )> '^^ ^ ' 
Sun I K be lefs than the Earth c d, the Ihadow 
of the latter will be part of a cone, whofe feftios 
is terminated by the lifws cf, d f, Mid whofe huk 
is indefinitely diflant t or, if tl^ Sun a b be equal 
to the Earth c d, the Ihadow will be a, cylinddr 
between the lines g g, d- Hj whofe hafe is- indefi?- 
nitely diftaat* Ia either cafe the fbadows of the 
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Eairdi rtiay' confequently faff up6n anrf ^clipfe thi 
foperior planets^ when hr diredt oppofition to tirt 
Sm. B^t this never halpperts, and therefoi'e the Sutt 
is- Neither lefs tiian, noi^ eqcd to, the Earth, but 
greater. We kilaw moreover, from th6 Sun's pa- 
rallax (136, n), that it h much greater than the 
Earthy b6taufe die Sun^s diameter feen 'from the 
fiaCrtfr IS' about 31 mmutes, whereas the Earth's q^ 
diametei' feen from the San ii (tiS.) only about 
1^7 ffecohds, a quantify that may be Regarded a& 
frrfenfibfe, oi* inconlSrferabfe iA fcM(y 6bferVations. 
And fince the Stm exceeds the jfearth in fo high a r 
proportion, it muft of neccffity be yet greater with s 
regard to the Moon, becaufe this laff is Tefs than 
Ae Earth. Let ab (fig*. 5^.) reprefent the Sun 
gfeatei* fhun the Blarth cd. The rays of light ac, bo, 
jpa:fllng from the extreme edges of the Sun, and irt 
ebhtaft wfth tUlit E^thon the fame fidfe, wiirafter- 
Wards^ meet or cr6fs* in the point k. No part of 
iSit Suh^s Eght will appear within the cone c k Di ' 
whicfr is therefore the ftiadow in which an obferver, 
being placed, would be totally deprived of the Sun. 
^ut there will" be a partial' Ihadow or penumbra 
between thofe rays adm, bcl, that pafs from the 
extreme edges of the Sun, and touch the oppofite 
€Kteremes< of the Earth r that is to fay,, an obferver 
bstwtm ttirHn^s-CL^^id D m,- but without the dark 
Cottie citb, wilifec^ only a part of thtf Sim, the reft 
being hidlden by the interpofitiion of the Earth : the 
quantity of the Sun thus obfcujfed will be greater^ 
and the peaumbra dai'ker, the nearer the obferver i& 

La placed 
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placed to the cone c kd* Laftly, if the obfcrvef 
be fituatcd beyond the vertex of the darkfhadow k, 
between the lines k n^ ko, formed hy the continua- 
tion of the extreme rays, Jie will behold the exte- 
rior parts of the Sun forming a lucid ring, envi- 
roning the Earth on all* (ides. 

t The angle c k d, at the vertex of the Xarth's 
(hadow, is equal to the difference between the 
diameter of the Sun, fcen from the Earth or angle 
A c B, atnd the diameter of the Earth feen from the 
Sun> or angle c b d *• Or, if the Earth's apparent 
diameter from the Sun (X47, oj) be rejedted as 
Inconfiderable, the angle of the fhadow will be 
equal, to the Sun's apparent diameter. 

V The angle ci d, at the vertex of the penumbra, 
is equal to the fum of the diameter of the Sun (ccn 
from the Earth, or angle a c b, and the diameter 
of the Earth feen from the Sun or angle cad: or, 
if the Earth*s apparent diameter from the Sun 
(147^ Q^) berejeded as inconfiderable, the anglt 
of the penumbra is equal to the Sun's apparent 
diameter. 

v The apparent diameter of any fcftion e f, of thf 
fliadow, fuppofed to be viewed from the Earths 
namely, the angle e d f, is equal to the excefs of 

* Eaclidl. 32. is repeatedly ufed in what immediately fol* 
lows : that is to fay, in any triangle b c k, the outward angle, 
A c B formed by prolonging on^ of its fides, is equal to tht 
fum of the two inward oppofite angles c k d, c b o : and con'» 
fcquently, that one of the two laft^amed angles, or c k n, 
will be equal to the diifercnce between ^he external anglt 
A«B and the oshtr interior oppofite angle cbd. 

the 
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die Earth's apparent diameter fecn from the place 
<^ feftion, namely, the angle c e d, beyond ^hc 
angle at the vertex of the fhadow c k d : or, if the 
angle of the Ihadow (148, t) be taken as equal to 
the Sun's apparent diameter, the apparent diameter 
of any feftion of the fliadow feen from the Earth 
will be equal to the difference between the appa- 
rent di^Tieters of the Sun and Earth, as feen from 
the place of fe6tion, this laft diameter being^eateft. 

The apparent diameter of any feftion o h, of the w 
penumbra, fuppofed to be feen from the Earth, 
namely, the angle o d h, is equal to the fum of the 
Earth's apparent diameter feen from the place of fec- 
tion, namely, the aogle cod, added to the angle at 
the vertex of the penumbra ci d. Or, if the angle 
of the penumbra (148, u) be taken as equal to 
the Sun's apparent diameter, the apparent diameter 
of any feftion of the penumbra feen from the Earth 
will be equal to the fum of the apparent diameters 
of the Sun and Earth, as feen from the place of 
feftion. 

Every thing that has been here fliewn relpc&mg x 
the Ihadows of the Earth is true in like circum- 
ftances of the Moon (147, s). 

To apply thefe obferyations to the fa&s, let a B r 
(fig. 56.) reprefent the Sun, c d the Earth, and 
I K or L the Moon in its orbit k m n ; let the Moon 
be at I K, between the Sun and Earth 5 its total 
fliadow may then entirely deprive a part of the 
Earth dt o of the Sun's light, and its penumbm 
will caufe a partial eclipfe of the Sun to the inhabit 

L 3 tantft 
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z MGfts b&mcm P and f€. Again, jtuppofc t^e Moot 
tq be df. t, f nd it will itfelf be ec%)fed by tlic iote^- 
poTitioo of the ^dxtk between it aod the S«n, Ifii 
iu^^ieclipfes^ the Eaith'^s penjuo^a p^ oot attended 
jtQ, feecaufe it^ cfecSis in obfcuting ^ Mpoq carmot 
be chierwcd with precifiQ.n by ^ ^e^^ftv placed w 
the E*rth. 

A Jt has already been obferved ( 1 43, je), tl^ eclipfes 
can only happen when die Moon is near one of^ 
fljodes pf its orbit. Let ab M (6g, i70 repr-efent 
^ Sup, viewed from fthe Earth, c p a pprpon of 

* the ecliptic, pr Sun'? appaxcj;it path, ajad e f a part 
pf thf orbit of the Moon ^ wh*9h planet is rcpjpe- 
fep|:ed at different times by the circles <J| h^ i. It 
i^ evident, that the eclipfc pr .obfctir^tion of fhjB 
Sun entirely depends op the pofition of jthe podp 
N, and the angle of inclination f n p. If the anglp 
pf ipclination remajp unaltere4 while the node if 
}s very f emote from the center k of the Sup, the 
points K 2ind l naay be farther apart than to pern?it 
any occultation or apparent contaft : and it is cje^f:! 
that an enlargement of the angle f n d may produce 
the fame effefl ; on the contrary, an approach pr 

. coincidence of n with k, or a diminution of the 
angle F N p may caufe an eclipfe, the quantity of 
obfcuratign ip which will be fo much greater, a^ 
thefe circumftances are more prevalent. 

]i The Sun's pl^ce k in the ecliptic (X46, m) being 
Ifnown from tables, together with the inclination of 
the Moon's orbit, the place of the nodp, and of 
the Moon itfelf, as Jil^ewife the ^pparept .diaitveters 

of 



4i£ Ae himiixarics refp«6bively, it will be eafy to 
find * the velocity of the Moon in elongation, and 
OJnifcqiiatadjr the beginning, middle, end, quantity 
<jf obfcuration, and other requifites concerning the 
.cdipfe. If the concf)Titatioa be made from tlie ta- c 
bular places of the heavenly bodies, the refult will 
.give the eclipfe as fcen from tiic oenter of the Earth, 
becaufe, in all tables where the Earth is ipoken of^ 
jthat center is meant, «cept othcrwife mentioned. 
But it is required todetermine the particulars of the i? 
cdipfe for a given place on the Earth's furface, and 
this includes the confideration of parallax. The 
Sun's parallax being very rniaute (136, n) may in 
this, and moft other cafes, be rejefted; but the 
Moon's parallax is fb great, that it is at leaft of as 
much confequence as any other element whatfo-r 
ever. For, on this account, the Moon's apparent 
padi as feen from the furface of the Earth, is fo 
different fix)m that which it would have when beheld 
from the center, that the fame conjundtion which 
gives a total eclipfe at one place fliall not occafion 
the Imallcft obfcuration of the Sun when beheld a? 
the fame inftant from another part of the Earth. 

This method of computmg a folar eclipfe is very 1 
operofe. For the Moon's parallax at any time pall 
or to come cannot be had without finding its al.r 
titude by Ipherical trigonometry, and other com.- 
putations muft then be made to deduce the ap^ 
parent pofitions of the Sun and Moon with their 
relative velocity, and fo forth. And becaufe the 
altitude of the Moon is continually changing, it is 

L 4 oaeceflarj^ 
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pc<:cflary to repeat the computations df paral'^ 
J lax from time to time. To render this bufinclk 
' lefs tedious, it has been found expedient to con-* 
fider the phenomena of folar eclipfes as they 
would appear to an obferver placed on the Moon, 
t^t AB (fig. 58.) reprefent the Earth, feen from 
the Moon, lender an asPgle of aboqt i^. 54', qr 
cjoiible the Moon's horizontal parallax (141, x), 
the line cd a portion of the oppofite part of the 
jyioon's orbit in which the Earth is feen, the circles 
G, H, I, fhadows of the Moon, th^t on account 
of their always being diametrically oppofite the 
Sun, will l^e found to fenfe in the ecliptic, efpe- 
cially whe;i the Moon is near the node. The path 
FE of the ftiadow will therefore make an angle 
FNO with the line cd, equal to the inclination 
of the Moon's orbit, and the interfeftion n will 
be as far diftant from die center of the Earth as 
the node is heliocentricaliy from the center of the 
Moon. Now the motion of the Earth, in the 
line CD, is equivalent to the Moon's apparent 
motion in its orbit feen from the Earth, and the 
motipn of the fhadow is equivalent to the Sun's 
motion in the ecliptic. Confequently, the center 
of the Earth and Ihadpw of the Moon may he 
projefted as feen from the Moon. The diameter 
pf the dark fhadow k, l, or m, feen from the 
Moon, will be eqi^^l to the excefs of the Moon's 
apparent diameter beypnd that of the Sun^^ when 
both are feen from the Earth (148, v. 149, x)^ tlie 
j^oon's apparent d[iarnfter being greateftj^ but if 
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it be thelcfe of the two, the fhadow will not 
reach the Earth, The diameter of the penum- 
bra G, H, or I, feen from the Moon, will be equal 
to the fum of the apparent diameters of the Siin 
and Moon, feen from the Earth (149, w, x). 
With thcfe data the cclipfe may be conftrudtcd 
univerfally. 

But in conftrufting the eclipfe for a particular o 
place, the rotation of the Earth on its axis muft 
be brought into confideration. For while the 
fhadow paffes over the Earth's difc, a given place 
p will be carried round in its parallel of latitude, 
and may likewife be marked in the projeftion for 
any inftant of time. When the place enters the pe- 
numbra, the eclipfe will begin there; when the place 
and the center of the fhadow are the nearefl, the ob- 
fburation will be greatefl, and when the penumbra 
leaves the place, the eclipfe will end. If there be 
a dark fhadow, and it pafies over the place, the 
eclipfe will be total. If there be no dark fhadow, 
and the place fhould pafs within the penumbra to 
a depth exceeding the Moon's apparent diameter, 
the Sun will be feen environing the Moon on all 
fides J whence the eclipfe is faid to be annular 
(148, s). And, in general, in any fblar eclipfe 
that is not annular, the difiance of the place with- 
in the penumbra will meafure the greatefl feftion 
or part of a diameter of the Sun obfcured at that 
inflant, and the line joining the culps, or angular 
termination of the apparent part of the Sun, will 
fee at right angles to ♦ thg meafuring line or dia- 
meter. 
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nxtter, of which the jrneafuring line repnefeftcs a 

H We ate nour to confider an edipfe of Uie Mooa. 
k is icarident> that the diffisreoce in the phenomena 
x>f a iblajT edipfe would not cake place if die pa- 
lailax of each luminary were the £une ; becauie, 
whatever mutation of place the parallax ought oc- 
c^fion in the one^ the fame would be produced in 
(the other^ and they would neither approach nor re- 
cede fix»n each other on that account. Now the 
^c&MM bf the garth's ihadow pafled throu^ by 
th(^ Moon in a lunar eclipfe^ being at the fame 
jdiftance from the Eardi a$ the Moon itfelf, muft 
be fubje(3: to the faaie parallax at equal dtitudesi 

. aad fince the individual points of ijiunerfion, emer- 
15on, or other periods of the cclipfe mufl: in the 
ihadow have the fame altitudes as the parts of the 
Moon they, as it were, lie on and obfcure, the ef- 
fefts of parallax muft be the fame on both. ,Rc- 
jcfting therefore the confideratian of parallax, the 
Earth's Ihadow ab (fig. 59.) may betaken to oc- 
<:upy a place in the heavens diametrically oppofite 
the Sun, and having an equal and iimilar motion 
to the apparent nnotion of that luminary, its ap- 
parent diameter, feen frpm the Earth, will be equal 
to the difference between the apparent diameters of 
the Earth and Sun, as feen from the Moo|i ( 148, v). 
Or it will be equal to twice the horizontal parallax 
of the Moon diminifhed by the fubtradion of the 
Sutfs apparent diameter. And if theinclination of the 
(prbit of the Moon be found, there will be a certain 

9 diftance 



<!^ 4iU wU requice the Moon ocar the opjpofidon 
CO pafs throu^ the £aith'3 flxadow, 9nd be coiv- 
^aeoiiy iedipfod* From dae greater or ie& di^ 
ibijcc jof ihrc aodc n, x)r m, it will be idetermiticd 
5»rhetfaer the jeciipfe ^1 be partial or total ; and 
£r(HB the refpoSavie pltces, the iquaniicy aiid direo 
iipn of the i«3atiwe rdocitjr, together with the ap^ 
purem inatgniiajdos of the ihadoisr ^ the Moon, 
nil the parcicidars of the eclipfe may be known 
without difficulty. 

It may with great reason be demanded, how it t 
.happens that the Moon, which is affirmed to eiiHt 
no light of itfelf, but only by refledion of die Sun, 
U nisverthdefs fu&iently lumi^us, even in die 
Vi^ flfwddle (^ a total eclipfe, to be diftindly fccn 
f>f ^ dw&y reddifli color. The Earth's atmo^here, 
i^r l^y of air tjiat fujcarounds it, is the caufe of 
ihis phenMom^non. In faift, the ihadow of the «;. 
Earth itfelf ftever extends fo far as the Moon's or- 
bit, tlipiigh (he iKadow occafioned by the di^^er- 
fion or rc^&lm of the light that falls on die at>- 
mofphere may, with a very fmall allowance, ho 
laken for the fhadaw which th$^ Earth would have 
had if the light had pajSed ciofe by it without in* 
temiption. We cannot with regularity explain the 
refraftion of light in thh place. It will . thcrefijm 
be fufficicnt to obferve, that in the event now under 
conlideration the Sun's light falling obliquely on 
the atmolphere, is bent or turned out of its courfe 
fj as to converge fopqer to a point, than it would 

otheiwife 
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odierwife h«vc done i the fphcrical ^tmoiphcre pfcr • 
forming^ in fome meafurc, the office of a large 
convex lens, or burning-glafs. The more obliquely 
the rays fall, the greater is their deviation from 
their original couri'e 5 and thofe rays that pafs ciofe 
to the Earth are found, by obfervations on the 
fetting Sun and other heavenly bodies, to fuffer a 
refraftion of about 22 minutes of meafure. The 
laws of optics, hereafter to be explained, require 
that they Ihould undergo an equal refraftion in 
pafling out through the oppofite part of the a«- 

t niofphere. Each exterior ray of the real Ihadow 
will therefore pafs 66 minutes within the rays 
that would have formed the cone ckd, fig. 55. 
and confequently, the angle at the vertex of the 
cone will be 132 minutes, or 2^. 12' greater than 
k would have been j that is, it will be equal to 
the dianneter of the Sun 32 (148, t), added to 

te z"*. ii'i which gives 2\ 44'. Hence the axis of 
the cone, or length of the Ihadow, is found to be 
no more than 42 femidiameters of the Earth ^ where- 
as the radius of the Moon's orbit, or mean di- 
ftance of the Moon, is about 60 femidiameters 

N of the Earth. In the (pace between the penumbra 
and the Earth's real ihadow it is much darker than 
the penumbra, though that fpace is illuminated by 
• the rays of the Sun, which are varioufly refrafted, ac- 
cording to the denfity of the air they pafs through. 
Many rays are reflefted back, and the rays that go 
forward are fuch whofe nature does not admit of 
their being eafily rcflefted. We are to fliew m 

future 
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ftitiire that thefe are the red, orange, aind yellow. 
Hence it is that the Moon in an eclipfe appears o 
red; and a ipe<^ator on the Moon would^ after 
loilng fight of the Sun, behold the Earth envi- 
vironed with a narrow luminous edge of bright 
red light, fhaded off with yellow on the outfide. 

Since, the Earth, when beheld from the Moon, f 
mull always appear in the part of the heavens im- 
mediately oppofite the Moon's apparent place 
as icen from the Earth, the enlightened fide of the 
Jlarth will have the fame figure, wKen feen from 
the Moon, as the dark fide of the Moon would 
exhibit if it could be feen at the fame inftant from 
the Earth, Thus, when the Moon is invifible, or 
near the conjundion, the Earth is in oppofition, 
and prefents a full luminous face to the Moon ; 
and on the contrary, when the Moon is a£ the 
full, or oppofite the Sun, it muft be on the dark 
fide of the Earth, which confequcndy then be- 
conies invifible. Near the beginning of the firft 
or end of the laft quarter, the dark fide of the 
Moon is rendered vifible by the full Earth fliining 
on it, but is fcarcely fo luminous as the Moon 
when eclipfed. The Earth's difc, feen from the 
Moon, is about thirteen times that of the Mooii 
feen from the Earth. If die Earth reflefted as 
great a part of the light that falls on it as the 
Moon does, its light at the Moon would exceed 
the moon-light with us in that ratid. This, how- 
ever, is not probable, though it may fairly be fup- 
pofed that it is three or four tinies as great. But 
I we 
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tp« have alrc^ obfeived that A6 Earth^s srtwiWt 
l^ere, in a tonsat ecMpfe, ilJmnmates^ tRe Moon 
<l^ rather more thai* this. Whence k foUorrs, that 
the narrow riflg of* light cncirelirtg the Eartfr, 
when fecn ftoch the Moon during an eclipfe, gitts 
^ light f» cxceecfing our moon-MghH at thefuMji Or 
even that of the Earth's fulf fajce ffcimug on* the 
MoM : md a» the ftirface of the ri^, bjr eompu^ 
tatidn, €a» hardly eq^ia! Ae dhe hundrttcRft part 
of the Edrih*s^ diflc, or the one* ei^h part of tfe 
Moonf^s di(fc, ita brightnefr will be more tftaftt 
twcnty-ftmr times iftat? of the M6on. It mtrff coh* 
fequendy be very Raminow- and dflKf^lirtg. 

Notwithftanding tftis> there have- beenr ecfip^ 
€>f the Wfoofty when inr Aat port of i!^ orbit near 
the Ea-th> in which ri^at Pominaf y enWely di&p-^ 
peared. But thefe obfervations are rcij rat«. 
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OF COMETS; AND OF THE PROPORTION OF LIGHT 
AND HEAT ON THE PLANETS* 

BESIDES the feven. primary planets already ^ 
enumerated^ and their moons or attendants^ 
there arc other bodies that revolve round die Su% 
and claixB. peculiar diftindion on ieveral ac^ 
counts. Thde are called Comets, and appear oc-^ 
cafionally in every part o£ the heavens; theic 
motions being, performed in very long elli^s^ 
whoie low^ focus is ii^or maF die. Sun.. By ob^ % 
fervations of parallax it- i& 6d\ifiAy that at theis 
firft^ afpealraace they ai:e insarer K»^us than- Jupiter^ 
whence, it is^ ooocludedr th^ they are moft com- 
monly kfs. than, that planet s. £c>r if they were a« 
lurg^ as> Saturn)> they would be jfeem as far o^- 

When;; ar comely amvcs widiin. a etitsm diftance t 
<^ the Smi, k emitB a fume or vapouf^ which is 
ca^d itar tsiL This fhews that dxey contaaiv a poi$- 
tion/of'Bfiactev e^niiidsrabljf^iinore vme and volatile 
dsant any oid the Earthst for the tact begins t»! a^i>> 
peac why^r thay are yet in » higher^ and^ GOfife«t 
qsmady coddcr region tHamt Mars.. Thr tail i^ zl^ 
ways d2£e£kd-to that pascof the he wens, which is 
duredily oi^ nisaidy oppofibe tovdae SuD; and- is 
groacer afhr tfioe coni«tr hai» paft its peciheiiurti^. thfln 

gkbring^its appi^adi tmrttdar' it^ beii^ greatcft of 
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all at the time when it has juft pik the p^nhe-' 
Hum. 

That part of i comet's orbit which comes un-» 
dcr our obfervation is fo finall in proportion to 
the whole, that in moft it does not differ from ^ 
parabola, by quantities that obfervatiOn can diftin- 
guilh : for which reafon the dimenfions of their 
orbits and periodical times Cianrlpt be determined 
with any degree of precifion from a fingle appear- 
ance. Biit from the re-appearance of comets after 
long intervals of time in the fame region of the 
heavens, and moving in the fame curve, it is de- 
cided that they revolve about the Sun in very long 
or eccentric cllipfes ; being governed throughout 
bjr the fame law of defcribing equal areas in equal 
times, which is found to take place in the inferior 
part of their orbits- The comet that appeared in 
the year 1661 was feen before in the fame orbit, 
and under * the fame circumftances in the year 
1532-f; which fhews its period to be 129 years: if 
it fe-appears in the year 1790, its identity will be 
yet further confirmed. So likewife, the comet 
that appeared in the years 1456, 1531, 1607, 1682, 
and 1759, ^* determined to revolve in a period of 
about feventy-fix years. And that very remark- 
able comet which was obferved in the year 1680^ 
is fhewn to be the fame with that which appeared 
in the year iro6; its period being 575 years. The 
diftance of this comet from the Sun^ when in its 
perihelium, was to the diftance of the Earth fix)m 
the fame, in round numbers, as 6 to xooo : it$ 

he^ 
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keat therefore at that .time was to the heat o£ the 
. fummer's fun with us, as loooooo to ^6, or as 28000 
to I • But the heat of boiling water is about tbrce - 
times the heat which dry earth acquires from liie 
fummer's fun 5 and the heat of red-hot iron may 
be about 3 or 4 times as great as that of boiling 
water. And therefore, the heat which the furface 
of the Comet would have acquired on the fuppo- 
fition of its being compofed of dry earth, is about 
aooo times greater than that of red-hot iroij. By 
fo fierce a, heat, there is no doubt but vapours, ex- 
halations, and every volatile matter muft have 
been immediately confumed and diilipated^ 

The number of comets is very much greater w 
than that of the planets which move in the vicinity 
of the Sun. From the reports of former hiftorians^ 
as well, as from the obfervations of late years, it is 
afcert^ned, that more than four hundred and fifty 
have been feen previous to the year 177 1 5 and 
when the attention of aftronomers was called 
to. this objeft by the CKpedation of the return of 
the comet of 17595 no fewer than fevenwereob- 
fcryed in the courfe of feven years* From this 
circvimftance, and the probability diat all the comets 
recorded in ancient authors were of confidcrable 
apparent magnitude, while the fmaller were over- 
looked, it is reafonable to conclude, that the num- 
ber of comets is confiderably beyond any eftiraa- 
tion that might be mode from the obfervations 
we now pofTefs, But the^number of comets whofc x 
orbits are fettled with fufficient accuracy to afcer- 
VoL. h M taiii 
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tain their identity when they may a|^ar again i^ 
no more than fifty-nine, reckoning as late as the 
year- 1771. The orbits of npjoft of thefe are in-* 
clined to the* plane of the ecliptic in large angles^ 
and the greater number of them apptoached near^ 
the Sun than the Earth ever does. Their nioticiis 
ui the heavens are not all in the order of the 
figns, or direft, like thofe of the planets : but the 
number wbofe motion is retrograde is nearly equal 
to jthat of thoie whofe motion is direft^ 

It is not neceflary in this worky to enter fully 
into- the confideration of final caufcs; mofc par- 

• ticularly- as the fubjcft has embarraffed the greatcft: 
i>i€taphyficians, and may with jufticev.be laid 
to be too extended for the human pt^ers. la 
every tiling we fee> the phenomena considered 
fingly, arc neceffary confequences of ceitain ge- 
neral laws, to which the univerfc appears to be fiib- 
jeded : but when they are confidered in at coBtc- 
tive view, a certain relation, or fitnefs for pro- 
ducing fome gencrai effefts, is feen, which by no 
means depends on the fame laws, and by ah^gy 

• is referred to the operation of an intelligent agent* 
To illuftrate this by exarnple, we may obfefve^ 
that in the well-known inftrument called fciflars, ic 
follows neceffarily from the laws of motion, al- 
ready explained in the meclttinical powers (605 c. 
67, h), that the blades will cut or divide certain 
fxibftances expofed to their a6lion ; but if we con- 
fider the various circumftances that co-operate in 
producing this tffedt, we muft difclaim all re^n* 

ing 



CONCERNING >INAL CAUSES. 163 

ing from analogy before we can refolve their con- 
nexion into an efFedt of thofe laws, without fup- 
pofing the agency of an intelligent being as the 
caufe of their union, and concluding that it was 
intended they Ihotild jointly concur in one pur- 
pofe. It is to this being that we refer, in order 
to decide, why the fhftrp edges were made on th« 
inner, rather than on the outer, part of each blade : 
why the other extremrties have annular' termina- 
tions: why the iriftrument is made of fteel rather 
than lead ; and fo forth. The purpofes or mo-^ 
tives which determine the aftions of i^ntelligent 
beings, and produce their efFefts in a manner fimi-* 
lar to the operation of the laWs of nature oi* pro- 
perties of matter in cafes where thought is not fup- 
pofed to be concerned, are called final caufes* 
In the works of nature we behold enough of ex- b 
quifite contrivance, and can fee far enough into 
many final caufes to convince us that the arrange- 
ment of the univerfe has been made, and probably 
is ftill occafionally adjufted by a being whofe in- 
telligencfe and power is immenfely beyond' that 
which we poffefs. To judge properly of his in- c 
tentions, or in other words, to be equal to the tafk 
of exploring the fcience of final caufes, requires no 
lefs than a perfeft knowledge and recolledlion of 
every purpoft to which the objefts around us may 
be applied, together with a clear conception of 
the id€as of fitnefs and order that form the proto- 
types in the mind of that great being who direfts their 
jtnotions. Thefc confiderations fliew the abfurdity d 
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of attempting to explain the" final ca^fes of every 
event we fee,, but they by no means require that 
we fhould negleft them in cafes where we hav^ 
reafon to believe we underftand the phenomena, 
and have fufEcient experience •'to be aflured that 
we difcern the principal, or at leaft one of the 
principal purpofes to which things may have been 
deftined. Thus, it is fcarcely to be imagined that 
we can err in concluding, that the eyes, ears, legs, 
wings, and other parts of animals w^re made for 
the purpofes of feeing, hearing, walkings flying, 
and fo forth. Neither can we avoid inferring, that 
the power who conftrufted living creatures with 
mouths, teeth, and organs to digeft and affimi- 
late food for their nutriment, did likewife fonn 
other organized bodies, which we call vegetables^ 
for the exprels purpofe of affording that food. It 
is necdlefs to multiply inftances. We cannot avoid 
feeing them every moment, and their effe<5t i^ fo 
ftriking, that we are infenfibly forced from ana- 
logy to allow the iexiftence of a final caule in 
all cafes, whether we are able to difcover it 
or no. 

5 Oh this ground, an enquiry into the final caufcs 
of the planetary bodies offers itfdf to our confide- 
ration. The earth is fliewn to be a planet in cir- 
cumftances vhy fimilar to the other five : we knov^^ 
its final caufe— to fupport a number of inhabi- 
tants. And by analogy, we rrtay conclude, that 
the others are alfo habitable worlds j though from 
their different proportions of heat it i^ credible, 
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that beingsTof our make and temperature could not 
Kve upon them. However, even that can fcarcely 
be affirmed of all the planets : for the warmeft cli- 
mate on the planet Mars is not colder than many 
parts of Norway er Lapland are in the fpring or 
autumn. Jupiter^ Saturn, and the Georgium Si- 
dus, it muft be granted, are colder than any of the ' 
inhabited parts of our globe. The greateft heat 
on the planet Venus, exceeds the heat in the ifland 
of St. Thomas on the coaft of Guinea, or Suma^ 
tra, in the Eaft Indies, about as much as the heat 
in thofe places exceeds that of the Orkney iflands, or 
that of the city of Stockholm in Sweden : there- 
fore, at 60 degrees north latitude on that planet, 
if its axis were perpendicular to tlie plane of its 
orbit, the heat would not exceed the greateft heat 
of the Earth, and of courfe, vegetation like ours 
might be there carried on, and animals of the Ipc- 
cies on Earth might fubfift. * If Mercury's axis ' 
bp fuppofed to have a like pofition, a circle round 
each pole of about 20 degrees dia-meter would enjoy 
the fame temperature as the warmer regions of the 
Earth, though in Its hptteft climate water would 
continually boil, and moft inflammable fubftances 
would be parched up, deftroyed, or diffipated into 
vapor. But it is not at all neceffary that the planets 
Aiould be peopled with animals like thofe on the . 
Earth : the Creator has doubtlefs adapted the in^ 
habitints of each to their fituation. 

Fronri the obfcrvations that have juft been made, r 
a better idea may be formed of the proportions of 

M 3 heat 
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heat on the planets than can be conveyed by num- 
bers. It will not however be remote from our pur- 
pofe to compare the light of the fuperior planets 
with that of our day, from whence it will appear, 
that they are by no means in a ilatc of darknefs, 
notwithftanding their great diftance from the Sun^ 
This might be inftanced by fevcral different n>e- 
thods, as by the Sun's light admitted into a dark 
chamber, and received on paper with different de-. 
grees of 'obliqyity ; by a greater or lefs number of 
candles brought into a room for the purpofe of 
illuminating it with different proportions of light i 
or by various optical methods that need not be 
here defcribed. It will be fufficient for the illu-. 
fixation of the fubjeA to compare their different 
proportions of light with that of a moonfhine night 
at the time of the full. 

When the Moon is yifible in the day-.time, its 
light is fo nearly equal to that of the lighter thin 
clouds, that it is with difficulty diftinguifhed 
amongft them. Its light continues the fapie during 
the night; but the abfence of the Sun, fuffering 
the aperture or pupil of the eye to dilate itfelf^ 
renders it more confpicuou$. It therefore follows^ 
that if every part of the fky were equally luminous 
with the Moon's difc, the light would be the lame 
as if, in the day-time, it were covered with the 
thin clouds above-mentioned, This day -light is 
confequently in proportion to that of the ' Moon, 
es the whole furfaceof the fky, or vifible hemifphere, 
is to the furface of the Moon 5 that is to fay, ncar^ 
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iy as 90,000 to i^ The light of the Georgium h 
Sidus being to that of the Earth as 0.276 to 100, 
will be equal to th€ effeft of 248 full Moons. The 
light of Saturn will be equal to that of 990 full 
Moons ; Jupiter*s^ay will equal the light of 3330 
Moons, and that of Mars will require 38,700, 3 
number fo great, that they would almoft touch 
one another. It is even probable, that the Cometj;^ 
In the moft diftant parts of their orbits, enjoy 4 
degree of light much exceeding ira)oi}J(hinp<. 

If the Conmcts be habitable, they mgft be pof- \ 
feffed by creatures very different: from any we 
have.becn ufed tp behold and confider. There are^ 
however, many other ufes for which it i$ probable 
they may have been formed: the matter that compofes 
fheir t^ils muft fall in pj-ocefs of tinie to the Sun or 
the neareft planet that may pals through it, where 
it may fupply defers, and anfwer purpofes which 
our total ignorance of its properties fcarcely allows 
us even to conje£ture. Jn the Sun it may ferve to 
recruit the wafte of matter that luipinary muft 
fufFer by the conftant emiflipn of the particles of 
light. After a great number of revolutions, the 
refiftance of the Sun's atmofphere, and a concur-: 
jrence of circurnftances may occafipn the comet it-* 
felf to approach the Sun, and at length fall into 
it^ and b^conae a part pf its body. 
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6F THE TEtSSCOPIC APPEARANCE OF THE MOON« 

K ^TT^HE obfcrvations which might confirm the 
X hypothcfis of planetary worlds fcem to 
be placed beyond our power. We can fcarcdy 
hope to make optical inftruments fufiiciently per- 
feft to render their inhabitants vifible to us. The 
grofs air that (urrounds us^ is a great impediment 
to the ufe of diofe we already poflefsj and limits 
their perfedion to a certain degree, beyond which 
we cannot pais. . All, therefore, that we can 
do, is to examine if the planets are accommodated 
with thofe things which we are ufcd to confidei* 
as necelfary to animal exiftence. Lands, feas^ 
clouds, vapours, and an atmolphere or body of 
air^ are objcdb that we may e^qpeft to find on th^ 
face of a habitable world : it is our prefbnt bui* 
finefs to relate what has been done in this re-^ 
lpe6t. 

Is The Moon being fp very pear us, and likewifc 
in the fame temperature as to light and heat, of- 
fers itfelf as the fitteft body for examination. We 
difcern a variety of Ipots'with the naked eyc^ 
which the imagination naturally fuppofes to be 
feas, continents, and the like j but on a more ac-? 
curate inlpeftion, with the affiftance of the telef- 
cope, it is perceived, that many of thofe appear- 
ances arc occafioned by yaft obfcure pits or cavir» 

tics, 
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tics, and elevations or mountains* The heights of 
thcfe mountains may cafily be found j for by the 
horizontal parallax we know diat the Earth's appa-^ 
tent diameter, fcen from the Moon at its mean diP- 
t^ce, is I** 54' (132, x) or 6840 feconds, while that 
of ihcMoon feen from the Earth at the fame diflance 
U 31', 2''9, or 1889 feconds. Their abfolute dia- tn 
meters liiuft therefore be in proportion to diefe 
numbers. Confcquently, if we find the proportion 
the height of a lunar mountain bears to the Moon'i 
diameter, we may, without difficulty, find the quan^ 
tity of that height in milcy or other terrcftrial dimen* 
fions. 

Thcfe mountains and cavities are known to be h 
fuch from their Shadows. In the firft and fecond 
quarters, when the Sun Ihipes obliquely on the face 
of the Moon, the elevated parts caft a triangular 
ihadow in the direftion from the Sun j and, on the 
contrary, the cavities are dark on^ the fide next the 
Sun, and illuminated on the oppofite fide. The 
Ihadows Ihorten as the Sun becomes more direftly 
oppofed to the anterior face of the Moon, anc^ at 
length difappear at the time of the full. During 
th<$ third and laft quarters, the Ihadows appear 
again, but all fall towards the contrary fide of th^ 
Moon, though ftill with th^ fame diftinftion, name- 
ly, that the mountains are dark and fliady oh the 
fide furtheft from the Sun, and the pits are dark on ■ 
the fide next the Sun. The fame deduftion is obtain* 
ed by contemplating the inner illummatcd edge of 
the Moon; If the Moon were a pcrfeft fphere; this 

edge 
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•edge would be a regular curve, but if its lurfecc be 
diverfified by hills and cavities, it is evident that the 
higher parts muft be enlightened fboner, and the 
cavities later than the reft of the furface. This ij 
accordmgly the cafe, and affords a method of ob- 
taining the heights of the niountains. 

To render the explanation eafier, we ihall fup» 
pofe the Moon to be in its quadrature, and the 
jTiountain to be fituated near the Moon's apparent 
center. 

Let the circle abdg (fig, 6i.) reprefent the 
jMoon, whofe center is c s and e the Earth : then a 
ipedtator at e will fee the Moon enlightened in the 
half A G D, and the line e c will p^s through a, or 
the inner enlightened edge. The ray of light sab 
touching the Moon at Ay will crofs the line e c at 
right angles, and illuminate the top of the moun- 
tain b. The angle aeb is found by obfervation, 
then, in the triangle aeb, 

A.S the co-fine of the obferved angle - aeb 
Is to the Moon's diflance - - a e, 

So is the fine of the obferved ^gle - aeb, 
To the fide or line ^ - ab^ 

Then in the right angled triangle cab, the fides 
c A and A B being known, the fide c b is found from 
the well known property (Euclid I. 47.) 5 that i§ 
to fay, the fquare of the Moon's femidiameter c a 
being added to the fquare of the line AB,the fquare 
foot of the fum is the fide c b. And if the femidi^r 
«neter of the Moon c f be taken from the line c b, 
the remainder is f b^ or the height of the mountain. 

From 
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From obfervations of this kind, it appears that p 
the lunar mountains are n>uch higher in proportipa 
fo it§ radius th^n any we have upoii the Earth, 

That the Moon is furrounded by an atmolphere <i^ 
or body of au*, is rendered probable by many ob- 
fervations of fblar eciipfcs, in which the limb or 
edge of the Sun was obferyed to tremble juft be-r 
fore the beginning. The planets likewiie. am 
obfervcd to change their figure from round to ov^i 
juft before the beginning of an occiiltation behind 
the Moon -, which can be attributed to no other 
caufe, than that their light is rcfraflcd, being feen 
through the Moon's atmofphere. Many afbono^ 
mers are of opinion, that the Moon has no atmo- 
lphere, becaufe we fee no clouds, and becaufe die * 
fixed ftars difappear at once at the time of an oc- 
cultation without any gradual diminution of light, 
which they fupppfe oijght to take place. But if wc 
^onfider the efFeft of days and nights near thirty 
limes as long as with us, we may readily grant that 
the phenomena of vapours and meteors nnay be 
very different : perhaps their clouds and rain, if 
any, may be condenfed into vifible quantities, only 
during the abfence of the Sun, and if fb, it is no 
wonder that we never fee than. With relpeft to 
(he fixed ftars, it is plain, that granting the Moon 
to have an atmolphere of the fame nature and quan- 
tity as ours, no fuch effed as a gradual diminution 
of light ought to take place, at leaft as to fenfe. 
Our atmolphere is /ound to be fo ra^e at the height 
of 44 niiles, ^s to be inculpable of afting on the 
2 , r^ys 
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rays of light. This height is the i Soth part of the 
Earth's diameter j but fincc clouds are never ob- 
fervcd higher than four miles, we miift conclude 
diat the raporous or obfcure part is but the 1 980th 
part. The mean apparent diameter of the Moon 
is 31^ 29", or 1889 fecondss therefore, thecrf>fcure, 
part of its atmofphere> when viewed from the Earth 
mu(t fubtend an angle of lefs than one fecond, which 
fpace is palled over by the Moon in- lc6 than two fe- 
conds of time $ a fpace and time fo ihort, that it can 
hardly be expefted that obfervation can in general 
determine whether the fuppofed obfcur^tioa takes 
place or not. 

It muft however, be allowed, that the Moon's 
atmolphere, if it has one, is certainly much lefs 
confiderable than that of the Earth. For there is fd- 
dom any appearance, in an eclipfe of the Sun, of the 
remarkable phenomenon (158^ <^), that the Earth'3 
. atmofphere is flicwn to produce in a lunar eclipfe*. 

The Moon turns round on its own axis once in 
the time of its periodical revolution. This is evi- 
dent, becaufe the fame face or fide is conftantjy 
turned towards us. For a fpeftator on the Moon 
will fee the Earth carried through every part of the 
ecliptic in the courle of one revolution 5 and as the 
fame face of the Moon is conftantly turned towards 
the Earth, it muft be fucceffively turned to every 
part of the ecliptic to which the Earth apparently 

* See Philofophical Tranfaftlons, Anno 1779, ^^^ ^^ ^^* 
count of the folar eclipfe of June 245 1778, in which this 
appearance was feen by Don Antonio Ulloa* 

moves. 



V 



% • 



/ 



I - 



m 



> I 



I 

[ 




LIBRATION OF THl MOON. I7J: 

moves. But if it be fiiccefllvely turned to every 
part of a great circle in the heavens, it muft revolve 
on its axis. By this flow rotation, it appears, that 
^e inhabitants of the Moon have but one day and 
night in the courfc of a month. 

This rotation on its ,axis is the moft uniform x 
motion the Moon has; but its uniformity occafions a 
feeming irregularity, which is termed the lil^ation. 
For as the Moon's motion in its orbit was fhewn to 
be not umfbrm (143, f) the effcft it has in turning 
its iacefrom the Earth is likewife fubjeft to the fame 
oregularities ; for inftance, in the fwifteft part of 
the revolutioo>>i.its moQon in its orbit turn3 its face 
from the Ealth fomething more than the rotation 
on its axis turns it the other way, and therefore it 
appears to have a fmall motion on its axis towards 
the eaft, by* which fome of the more weftern parts 
are brought into view, and an equal portion of the 
eaftern limb difappears. In the flower part the 
contrary is feen, for then the rotation on its axis 
prevailing, brings the weftern parts into view, and 
the eaftern difappear. This is called libration in 
longitude. 

There is another kind of libration tKat arifes v 
from the Moon's axis being inclined to the plane of 
its orbit, by which means Ibmedmes one of its poles, 
and fometimes the other, is inclined towards the 
Earth. In conlequence of this, we fee mote or kfs 
of the polar regions at different times. This is 
called libration in latitude. 

CHAP. 
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CHAP. XIL 

OF THE TELESCOPIC APPEARANCES O^ THE sUlt 

AND THE PLANETS. 

t 

V /TTIHE Sim is not without fpots on its difc,' but 
A they ate feldom fo large as to be feen by the 
naked eye* When viewed with a telcfcope, the eye 
being defended by a piece of coloured or fnioked 
glafs, they are found to appear in various form$knd 
numbers. The larger fpots, moft of which exceed 
the whole Earth in apparent mtgnitude, laft a con- 
fiderable time^ fomethnes three monfchs before they 
difappear, at Which time they are generally con- 
Yerted into faculse, or fpOts which exceed the reft of 
the Sun in brightnefs. They are of no conftant 
figure, frequently changing during the time of 
obfervation, and fometimes one dividing into fe-* 
veral fmaller ones. In general they confift of a nu- 
cleus or central part, much darker than the reft, 
which is furrounded by a miftinefs or fmoke. The 
general opinion concerning them is, that they aru 
occafioned by the fmoke and opake matter thrown 
out by vokanos or burning mountains of immenfe 
magnitude; and that when the eruption is nearly 
ended, and the fmoke diffipated, the fierce flames 
are expofed, and appear as faculae^ or luminous 
Ipots. But Dr. Alexander Wiifon of Glafgow has 
eftablifhed from obfervation, that moft, if not all 
the Ipots, are excavations in the luminous matter 

that 
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ihikt environs the body of the Sun, probably to no 
great depth*. At prefcnt (anno 1779) they are' 
often leen '- to the ntmnber of thirty or more,' but ■ 
there have been periods of mone than ftven years, 
in which none have been ofafcrved, 

All the fpots of the Sun have an apparent motion w 
from eaft to weft, which is quicker when they are 
near the central regions than when near the limb. 
This proves that the Sun revolves on its axis from x 
weft to eaft, and likewife that its figure is Ipherical. 
The period, as obferved by Caffini, is a J d^s, 14 ir 
hours, 8 mimrtes, ^ !Prom the line of the motion of 
the fpots, whicTl ii fomctimes ftrait, biit oftener 
Curved or elliptical, it is difcdvered that its axfs is z 
not perpendicular to the ediptic, biit inclined, fo as 
to make an angle with the perpendicular of ^about 
feven degrees and a half. 

The zodiacal light is attributed to the folar atmo- a 
(phere. This remarkatrfe phenomenon accompanies . 
the Sun. When it begins to ^)pear before funrife, 
it feems at firft fight like a faittty and almoft imper- 
ceptible, ^frflitifh light, refembling the milky-way, 
and ill-terminated, which is almoft Confounded with 
the twilight that i$ feciv commencing near the ho- 
rizon. It is then little elevated, and its termination 
may fometimes be difcerned in a Conic or conoidal 
farm. In fhott, its 'figure agrees with that of a vtty 
flat or lenticular Ipheroid ttch in prcrfile. As it 
gradually rifes above the horizon it becomes brigh- 
ter, and larger to a certain point, that may be ea^- 

• Philofophical Tranfadions, 1774. 
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{edits maximum, after which the. approach of da^* 

renders it gradually lefs apparent^ and at lafi: invi- 

fible* The diredlion of its longer apparent axis is. 

' obferved to be in the plane of the. Sun's equator ; 

4 

but its length is fubjed: to great variation, fo that 

. the diftance of its fummit from the Sun varies from 
45** to ^txi^ 20*. Thefe great differences in magni- 
tude and brightnefs may perhaps depend confider- 

. ably on^ fbme, yet unknown, circumftances in our 
atmoiphere. It is ufually feen to the greatefl advan- 
ce about the fblftice. 

B It has been fuppofed, that this atmofphere is the 
caufe of the afcent of the vapor which forms the 
tails of the comets, and which is always carried to 
that part of the heavens which is oppofite the Sun. 
But the diredion of thefe vapors may perhaps be 
determined by the aflion of the particles of light 
^ emitted from the Sun. 

c The planet Mercury is at all times fo near the 
Sun, that we can only diftinguifh with the telefcope 
a variation in its figure, which is fometimes that of 
a half Mopn, and fometimes a little more or life. ^^ 
than half. Whence it follows, that its form is ♦^ 
globular, and that it receives all its light from the 
§un. \ 

» The planet Venus, when viewed through the 
telefcope, has a very, pleafing appearance. At the 
time of its greatefl: elongation it appears like the 
Moon in the quadratures ; one half of its difc being 
enlightened. In the inferior part of its orbit, as its 
elongation decreafe^, the enlightened part becomes 

lefs, ; 
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fefs, appearing falcated or horned ; after p^fling the 
inferior conjunftion, the planet is again fcen horned, 
but the illuminated part then increafes^ and at the 
greateft elongarioo/ half its difc is again feen enlight- 
ened. In the fuperior part of its orbit, as its elon-' 
gation decreafes, its face becomes more full and 
round, till the fuperior conjundioa, after which time 
it is again diminifhed by the fame gradation as its 
increafe was in the former cafe accomplifhed. 
There is no difficulty in accounting for this variety 
of phafes, it being occafioned by the different ppfi-. 
tions of Venus with relpeft to the Sun and Earth : 
for as the enlightened face of Venus muft of courfe 
be always oppofite to or facing the Sun, it will be . 
more or lefs vifible to us according to our lituatfon 
at various times. 

The furface of Venus is diverfied with Ipots like e 
our Moon, by the motion of which it is determined^ 
that it revolves on it$ axis from weft to eaft in the 
Ipace of twenty -three hours. When the air is in a- 
good ftate for this kind of obfervations, mountains 
like , thofe . in the Moon jnay be difcerned, with a 
vejy powerful telefcope. 

The face of the planet Mars is always round and f 
full, as its fuperior fituation requires, excepting at 
the tinne of the quadrature, or elong;ition of 90 de- 
grees, when a fmall part of the unenlightened jhemi- 
fphere bf ing turned towards us, its iiifc appears like 
the Moon about three days after the fuH. 

By the Ipots on Marsj its diurnal revolution is c 
afcertained in the diredion from weft to eaft. 

Vol. I. N From 
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From th€ ruddy and ofe^ctire appearance of du» 
planet, as weU as fronvodier appeaiaoces,. it is con* 
«luded» that its atmolphere is nearly €)£ the fanie 
denftty as that of the £arth« Mr. Herfchei has> 
ob&rvtd> that two circles fiiirounding the poles oT 
tSiis planet are very white, and luminous^ probably^ 
from fiiow lying there. 

We have already had occafioa to ipc^ ei^ the 
fiitellites of Jupiter and Saturn*^ The anmial paral- 
lax, of thcfc planets is not conixderable enough to 
bring any fenfxble part of their dark hen^iij^eres to^ 
wards us in any pofition of elongation ; confer 
quendy their faces are always round and fuU* 

The tcleftx^ic ^pearancc of Jupiter afibrds a 
yaft field for the curiwis enquirer. It is in gene- 
ral encircled with one or more- obfcure belts or 
bands parallel to the plane of its orbit,, and cc^fe- 
queiuly to each other. Thefe are not regular or 
Gonftant ini their appearance.. They have- been 
£en to the nxnnber of five> and during the time 
of d>fenratian two hsLW gradually difaj^ared^ 
Sometimes but one is feen ; and ibmetimes, whe^ 
the number is more confidcrable^, onei^r more dark 
ipots are formed between the belts,, which incieafe 
till the wJhole is united: in^ one large duScy band. 
The fpots of Jupiter aic the brighter parts of m^ 
&rface>,,and are not permanem, though more fb* 
than the belts; yet it is found that they se-appear 
after certain unequal intervals of time* The ronark- 
able fpot>, by whofe motion the rotation of Jupiter 
on its axis was determined,, difappe^'ed ift t6^ 

mi 
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and was not fecn again till 1708, when it re-appeared- 

exaftly in the fame place on its furface, and has 

been occafionally feen ever fince. 

- It has been conjefturcd, that thefe belts arc n 

feas, and that the variations obferved both in 

them and the fpots are occafioned by tides, which 

are diflFcrently affefted, according to the pofitions of 

fais moons. If an obferver, poflefled of fkill and 

patience equal to the tafk, would delineate the phaibs 

<»f Jupiter for the Ipace of a periodical revolution, 

/U3ting at d&e fame time the poiitions of his fatellitei, 

this opinion might be either eftablifhed or rejected : 

•but at ail events fuch a feries of obfervations could 

not fail m throw great light on the fubjedb. 

The very great diftance of the planet Saturn, and t 

the tenuity of its light, do not permit us to diftin- 

guiih thofe varieties which it is probable are on \x& 

furfftce. The faint appearance of a belt is fometimes 

jeeii. The ring which encircles this planet is inclined 

to the ecliptic } in confequence of which, its apparent 

figure is xondnually varying- When the line of its 

nodes points direiStly towards the Earth, the ring, 

prefenting its edge to the obferver, becomes invi- 

fible: if the lame line points dire&ly towards ths 

Sun, the ring beconfies invifible for want of ilitimi- 

patioh : and laftly, if the plane of the ring paffes 

between the Sun and the Earth, the ring cannot 

then be feen, becaufe its dark fide is towards us. 

At all other times its figure is that of an oval, which 

is broader or narrower accordingly as th^ line of the 

nodes i^ fartl^er from or nearer to the above pofi* 

tions^ 

N a CHAP. 
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CHAP. XIII. 

or TMB LEWGTH OF DAYS AND NIGHTS} AND Of 

THE SEASONS. 

M TXT'E have fccn that every planet which is 
^ ^ acceflrble to obfervation has a revolution 
on its axis ; the intention of which 1$, undoubtedly, 
to give alternate night and day to every part t)f 
their furfaces. An inclination of the axis of any 
planet to the axis of its orbit, by caufing the lengdi 
of days and the intenfity of heat tovary^ will occa- 
iion a viciflitude of feafons. On this account Jupi- 
tcr, whole axis is nearly perpendicular to the plane 
of its orbit, has equal days and nights on every part 
of its furface at the fame time, the days being four 
hours and twenty-eight minutes, and the nights of 
the fame length. But the planets Mars and Venus, 
whole axes are inclined to the planes of their respec- 
tive orbits, have each an annual change of feafoni 
and length of days. The Earth, for the fame rea- 
fon, has a fimilar viciflitude, the explanation of 
which will render it unneceflary to enlarge on due 
circumftances of the other planets. 

M For this purpofe it will be ufeful to define thofe 
imaginaiy circles, which aftronomers and geogra- 
phers have invented for the purpofes of methodizing 
and facilitating the communication of fcience. 

a On the Earth, a great circle, fiippofed to be 

drawn at an equal diflance from each pole^ is termed 

the 
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the Equator : lefs circles drawn parallel to the 
equator arc called Parallels of Latitude j and great 
circles interfedting the equator at right angles^ and 
confequendy paffing through the poles, are. called 
Meridians. But when the meridian of a place is 
i^oken of, it is ufually underftood to be a femi- 
qirclc ps^fling through the given place, and termi- 
nating at the poleS;. The other half which completes 
that whole circle, is then called the oppofite meridian. ~ 

. In the heavens, a great circle> parallel to the p 
equator, is termed the Celeftiai Equator i but the 
lefs circles parallel to it are called Parallels of Decli- 
nation ; and the great circles interfefting it at right 
angles, and paffing through the celeftiai poles of 
the Earth, are called Hour Circles, or circles of - 
right afcenfion. 

The ecliptic is that ^ great circle in the heavens, q^ 
in which the Sun defcribes its apparent annual 
courfe : lefs circles, drawn parallel to the ecliptic, 
are called Parallels of Latitude ; and great circles in- 
terfe6ting it at right angles, and confequently paf- 
fing through its poles,'are called Celeftiai Meridians. 

The horizon is. that great circle which divides the r . 
vifible or upper hemiiphere from the lower. If this 
circle have the eye of the obferver for its center, 
it is called the Senfible Horizon; but if its center be - 
that of the Earth, it is termed the Rational Horizon. 
To this laft all aftronomical obfervations are reduced 
. or applied} the former being only confidered as one 
of the parallels of altitude. Lefs circles, parallel to 
the horizon, .are called Parallels of Altitude, if above, 

N 3 but 
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but of Depreffion, if below the hbri^on^ ind tto 
great circles interfe£ling it at right angles^ TSft cal^ 
led Azimuths. 

The point of the heavens, which is immediateljr 
above die obferver, or is elevated 90^^ above the 
horizonj^ is termed the Zenith i the oppoitte point 
imipediatdy beneath, or at 90** of deprcffion below 
the horizon, is termed the Nadir. 

Latitude on the Earth is an are erf* the mericUan^ 
contained between a given place and the equator. 
It is meafured in degrees and minutes of the meri-> 
dian. In the heavens it is an arc of the cekftial 
meridian, contained between a given place and the 
ecliptic. 
y Longitude on the Earth is an arc of the equator, 
contained between the nicridiari paffing through* a 
^ven pla^ and the firft meridian. It n«ver ex- 
ceeds a iemiclrcle. The firil meridian on the Earth 
is artntnuy ; but the Engliih aibonomers in general 
reckon from that which pafies through the obferva- 
tory at Greenwich. Longitude in the heavens is an 
are of the ecHptic, contained between a given me- 
f idian and that which paffes through the firft point 
lof Ae confteilatiott Aries ; the faid point being 
iatways at the weftern extremity of the arc. 

Rij^t afeenfion is an arc of the celeftial equator, 
contained between a given hour circle and that which 
pafies .through titc ficft point of the coi^ellatioa 
Aries; the faid fcmx being always at the weftern 
extremit^^ of the arc. Dediiiation is an arc cvf the 
hour citck^ coatamed between a given place and 
the equator. 

The 
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tht circte which divides the enlightened henai- w 
4>here of a planet from it» dark hemiiphere is called 
th^ Termin£ttor, , It may in oioft cafes be canfidered 
as a great circle. 

Let w 1 5 a^(fig. 6a^ and 63.) reprefent the Globe x 
of the Earthy aii4 c the Suo : then the circles n m s« 
Ji M s^ &C. will reprefcQt the ntieridians interfedin|^ 
the Equator s Qj^jighi: angles, and pafling through 
the poles » and s. The Unes ppj pp^ &c. will re* 
prefent the parallels of latitude ; ami the line c li 
will j^prefent the plane of the Earth's orbic 

Now it iseridenty that it is day at anygiveii y 
piiKC on the g^e, fo long as that plaee continues 
in (he enlightened hemifphere ; and diat when bf 
the diurnal jotation it is carried into the d^ k heoii^ 
jphere it becomes Aigbt j twilight not being, here 
coft&dered* And from the cont^nplation of figure 
^39 itappears^ that if the poles be fituated in the 
tenninatoiry the terminatscr will divide each of thf 
parallek into two equal parcsj and confequmtljf^ 
iince the uniform motion of the Earth cauiet any 
given place to defcribe equal parts of its paralldi ia 
equal times^ the days and nights will be equal Q^ 
every parallel of latitude ; that is to fay^ all ovpr the * 
globe^ except at the poles> where the Sun will adk 
tber riie nor kt^ but continue in the horizon* . 

9ut il^ as in figure 62^ the axis be not {daced in t 
the plane of the terminator^ the £enxunator will di** 
vide the equator into tv^o equal parts 1 but the pa^ 
fallels which are fituated liowards die enlightened 
pole will ha^e a greater pact <iif th«ir peripheries ia 
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the enlightened than in the dark hemi^herc: while 
fimilar parallels towards the other pole will have a 
like greater part of their peripheries in the dark 
hemifphere. Whence it follows, that the firft- 
mentioned parallels will enjoy longer days than 
nights, and the contrary will happen to the latter, 
they having fhorter days and longer nights j while 
at the equator the days and nights contihue equal. 
All this is evident from the figure, where it is 
alfo obfervable, that the dilproportion is greateft 
in the greater latitudes ; and that places, whofe 
diftance from the pole is lefs than that of the pole 
from the terminator, muft enjoy either a conftant 
day or conftant night, the rotation of the Earth 
never carrying them into the oppofite hemifphere. 

A In this pofition of the axis the inhabitants on the 
one fide of the equator may be faid to enjoy fum-- 
mer, and thofe on the other fide winter with relpe<3! 
to each other. For the long duration of the Sun 
above the horizon muft occafion a proportionally 
greater degree of heat, and its longer abfence froiti 
places fituated in the other hemifphere muft have 
the contrary effeft. 

9 • But this is not the only caufe of the difilsrence of 
heat at tlie different places. A fjpedator at g, which 
is 90° diftant from the terminator, will have 'the 
Sun in the zenith 5 a Ipeftator at t will fee the Sun 
in the horizon j and, for every intermediate dif- 
tance, the arc of a great circle comprehended be- 
tween the terminator and the place of obfervation 
^iU be the raeafure of the Sun's ^titude. There-r 
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fore every J)arallel between q^ and the enlightened 
pole will have the meridian altitude of the Sun in^ 
cre^d, by the angle n m t, beyond what it would 
haVe Been had the pole continued in the plane of 
the terminator : and every place between xj^and the 
dark ^e will have the Sun's meridian altitude di*, 
minifhed by the fame quantity. ' Between o and q^ 
the former altitude thus increafed, making a fiim 
greater than 90% tlie altitude muft be meafurcd 
by its complement. And between s and t the 
altitude will be a negative quantity, or beneath the 
hori^oii. This difference of the altitudes of the 
. Sun muft caufe an increafc of heat towards the 
enlightened poJe, and an equal diminution towards 
the dark pole. For the greater the Sun's altitude, 
the more direftly its rays fall on any fuiface ; and c 
in furfaces of the fame magnitude the quantity of 
light received by each is as the fine of the angle 
of obliquity with which the rays fall *• , 

^ It remains to be Ihewn, that thefe relative fitu- t^ 
ations of th^ axis and the terminator take place at 
different times of the year, with relpedl to the 

* Let the line a b (fig. 64.) reprefent a furface^ on which 
the col um^^ of light noab falls perpendicularly. A fur- 
face AC, of the fame magnitude, receiving the light olslique- 
ly under the angle jck, will intercept only fo much at 
would haVe fallen on the fpace a e and another furfkce A d, 
•receiving the light ftill more obliquely under the angle l d m,. 
will intercept only fo much as would have fallen on the fpace 
A Ft But the fpaces or lines a e and a f are the fines of the 
angles of obliquity j c K and l d m ; whence the propoiition 
.Viwdent, 
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Earthi wi&ich being proved, the viciflitude of fta* 
fya ixuift follow as a^neceflary confequence» 

X In fig. 6^. Let c rqprefent the Sun^ a b d • 
the Earth's orbit^ nearly circular^ but which being 
viewed ofaiiquely^ appears Kke a long eUipfis^ ^ 
which kt the part b d be luppded neareft the Ipec^ 
Mtor. And let the four circks, difUnguiihed by 
the momhs March, June, Septenfiber, and De- 
cember, reprefent the Earth in four feveral parts 
of its orbit, n s being its axis* 

F Oblervation fhews, that the axis of the Earth 
always preiferves very nearly the fame pofition with 
refpeft to the fixed ftars; being inclined to the 
axis of its orbit in an angle of about aj f degrees. 
It will not therefore preferve the fame relative po- 
rtion with re^cft to the terminator. For when 
the Earth is in the fituation diftinguifhed by the 
nionth March, its axis will at that time be in the 
plane of the terminator, and confequentiy the days 
^ and nights will be equal all over the globe ( 1 8 j, y ) : 
but when by its annual nrK)tion it is carried towards 
Ai the north pole n, the axis ftill preferving its pofi- 
tion or continuing parallel to itfclf, will advance 
into the enlightened hemilphere, and in the month 
€^ June will be 23 4- degrees diftant from the ter- 
minartor, as in the fehemc, the fouth pole being 
at the fame'diftance in the dark hemilphere. There- 
fore in the month of June the northern parts will 
tuiby long days and fummei^, while the Ibutherft 
parts hayc fhort days and winter (1853, 2). 

I During 
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During the interval between the time of equal q 
days and nights in March^ ^hich is called the 
vernal equinox^ and the time when th{? day is 
longeft: in June^ which is called the fwnmer Ibl* 
ftice^ the north pote will have defcribed a quarter 
i)f a circle in the Enlightened hemi^here with re* 
fpe&^ to the terminator^ and confequendy win fat 
at its grcateft diftance from if. From that time 
it will, by dcferibing the other quarter^ approach 
the terminator, the d^s gradually ihortening till 
the Earth arrives at the pofition denoted by the 
month 'September, when, the axis again coinciding; 
with the plane of die terftiinator, the days and 
nights will be equal. This is called the autumnal 
equinox. Dtn-ing the next quarter the north pole 
will dcfcribe a quarter of a circle in the dark he- 
mifphcre, and the days will fhorten till Deccmberj> 
when the pole will be jtift as far within the dark 
as in June it was in the enlightened hemilphere, 
which time is called the winter folftice. From the 
winter folfticc to the vernal equinox, the days will 
lengthen as the pole approaches the terminator; 
and at the inftant in which the axis again coin- 
cides with its plane, the natural year, confifting of 
365 days, 5 hourSj 48 minutes, and 45 1 fecondsj^ 
•is finiftied. 

It is cafy to conceive, by applying the fame ex- n 
planation to the fouth pole inftead of the north, 
that the inhabitants of the fouthern hcmilphere 
have the fame viciffitudes, though not at the fame 

' time ; 
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timci for it is winter in one hemilpheire while k 
b iunimer in the other, &c. &c. 

As the pole n (fig. 62.) advances in the en- 
lightened hemiiphere, the Sun will be in the zenith 
of a place c, as far diftant from the equator ^ 
ihe pole is from the- terminator; therefore Ag 
^reateil latitude at which the Sun can be vertical 
h Q.3i degrees. The parallels of latitude on the 
Earth of 231 degrees N. and S. as alfo tl 
irlpqndent parallels of declination in the 
are called the Tropics, becaufe the Sun 
arrives at them afterwards returns towj 
equator. The Sun, when it arrives at the n( 
tropic, is juft entering the fign Cancer, and yA^a 
it arrives at the fouthern tropic is juft entering the 
/igi>Capricorni forwhiclirealbn the northern tropic 
is called the Tropic of Cancer, and the fouthern 
iropic die Tropic of Capricorn. 

•■^%:. ' 




-^'^^J^ 

^*'^*i^ 


■ ,j'i*i ♦xi'-jf*. 











CHAP' 




I 

L 





^ ' 





i 



FIXED STARS. ' I89 



CHAP. XIV. 



OF THE FIXED STARS. 



THOUGH in a former chapter of this fee- k 
tion it was mentioned (104.) that the rela- 
tive fituations of the fixed liars do not vary, yet 
that afTertion is not to be underftood in. abfo* 
lute ftriftnefs. In the courfe of ages feveral va- 
. nations have been obferved amongft them. Some 
of the larger ftars have not the fame precife fitua- 
tions that ancient obfervations attribute to them ; 
and it is probable that die inftances of this 
kind would have been much more numerous if 
.accuracy of obfervation had not been confined tao a 
very late period, New ftars have likcwile ap- 
peared from time to time, and feveral of thofe 
whofe places and magnitudes are inferted in the 
old catalogues are not now to be found. Some 
of the fixed ftars are likewife found to have a pe- 
riodical increafe and decreafe of magnitude. 

The bright ftars, Arfturus, Sirius, Aquila, and i^ 
Aldebaran, have been obferved to change their 
places. The firft is found to move towards the 
fotith, about 3 i minutes of a degree in a century, 
Sirius has advanced about 2 minutes to the fouth 
}n a like period. The changes of place in the two 
latter are yet fmaller and lefs fettled. 

All the ftars ipoken of in the prefent chapter m, 
are fubjed to no parallax (130, z), according to 

th^ 



the moft accurate obfervations by which moft oi 
* their places were fettled j and fopne of them have 
been obferved with inftruments of fuch delicacy, 
that it is prefumed their parallax would have been 
fcenj if it had amounted to one fecond of mca- 
ftire. 
v Without attending either to the celefti^ chaises 
recorded by ancient authors, who for the moft 
part were not aJ^xonomers, and paflTmg the lefs ob- 
vious nxutations in filence, we ihall here note a 
few of the moft . remarkable new or changeable 
ftars* 
a On the 8 th of November, 1572, Cornelius 
Gemma attentively confidiered that part of die 
heavens which is cabled Caffiope's Chair, and per- 
ceived nothing extraordinary. But the fi^owing 
night a new liar appeared, forming a perfeft rhom- 
bus with the thr^e ftars «c, Ci y% of that coiiAe}*- 
latipn. Its fplendor exceeded that of Jupiter wheifi 
gre^eft, and was fuch» that it wa^ {wi% even in 
jixe day-time, Tycho Brahe, who faw it on d^ 
I ith, determined its longitude 6\ 54 of Taurus, 
with 53% 45' N« latitude* It begao to (Uminifh 
in December, and became gradually le& co^%a* 
cuous, tilUt difappeared in March, 1574. Thi$ 
rem^kahle ftar had no apparent motion, an4 
confequently no parallax, and its appearance was 
Iparkling and clear, like that of idie other fixed 
ftars. It has not fmce been ieen* 
f September^ i6o4> 0,S. thefcholw^ of Kiqpler 
obferved a ftar jin the fight Iegd'Serpeotariu6> whidi 

was 



mras not theie the night Jbefoit. Its luftitf ietim to 
have been neatiy equal ix> thac of the new ftar ia 
Cafliope ; for it is defmbed as exceeding Jiipitei: m 
brightneis* It gradually decayed like that> and ia 
nearly the faine time dii^ppeared, not being per*- 
ceived after the beginning of January, i6o^. Its 
right afcenfionj as obierved by Kepkr, was om^ 
ftantly 256"* 57V and its declination ai^oii'S. 

The firft ftau* that w^ obferved to have a porio- <i^ 
dical change of brightness was difcovered by David 
Fabricius in the neck of the Whale, on the 3d of 
Auguft 1 596, O. S. Its grcateft brightnefs is equal 
-10 that of a fkarofthe third magnitude ^ and it is 
icarcely ever fo finall but it may be feen with a Cik 
loot telefcope. The period in which it pafles 
lhix>tig^ all its changes^ is at a m^m 334 ^W^ bgt: 
m part of the phenoaien^n i$ perfedly regular. 

Three changeable fEars have been obiierved in the r 
^conftellation of the Swan. The firft difcovered is 
near the ftar y in that xonftellation. Its greatefl: 
fe(be is lci& th^ that of a ftar of the third m^:ni^ , 
ttudc, and it diminifties to^ that of the fixth magm- 
€ude» Its changes are far from being regular^ and 
do not take place but after intervals of ten or more 
years. 

The next and moft remarkable of the chai^eaUe s 
-ftars in the Swan is marked x by Bayer. This is 
more p^ular in its returns than die preceding,, 
though its magnitude is ieldom greater than the 
iixthi^ Its period is fettled at 405/15 days> and its. 
greateft luftre in the ye» 1785 wtil be about the 

14th of July. 
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T The third was feen near the heail of the Swjtti 
on the 20th of June, 1670, of about the third 
magnitude, and was fo far diminiflied by the Oc* 
cober following as to be fcarcely vifible. In the 
' beginning of April, 1671, it was again feen rather 
brighter than before, and diminilhing during that 
month, became once more at its greateft brilliancy 
at the beginning of May. By a comp^ifon of 
thefe obfervations, its period feemed about ten 
months. It difappeared about the middle of Auguft, 
and was again feen on the 29th of March, 1672; 
fince which time it lias not appeared. 

The ftar Algol, or Medufa's head, has been long 
fince obferved to appear of differient magnitudes 
at different times ; but the difcovery of its period 
is due to John Goodricke, Efqj of York, who 
has obferved it fince the beginning of the year 
1783. It periodically changes from the firfl: to the 
fourth magnitude; and the time employed from 
one greateft diminution to the other, was Anno 
1783, at a mean, 2 days, 20 hours, 49 minutes, 
3 feconds. The change is thus. During four 
hours it gradually 'diminilhes in luftre ; during the 
fucceeding four hours it recovers its firft magni- 
tude by a like gradual incrcafej and during the 
remaining part of the period, namely, 2 days, 
1 2 hours, 49 minutes, 3 feconds, it invariably pre- 
fcrves its greateft luftre: after the expiration of 
which term the diminution again commences, &c. 

y Ms^ny of the fixed ftars, upon examination with 
the tclefcope, are found to confift of^two. The 

number 



ttiimber obferved before the time of Herfchel * was 
but fmall; but that celebrated aftronomer, who 
ftands unrivalled for the excellence of his inftru- 
ments, and his (kilful induftry in ufing them, has 
noted upwards of four hundred, 

Befides the phenomena already mentioned, there w 
are many nebulae, or parts of the heavens which are 
brighter than the f eft* The moft obvious to com- 
mon notice is that large irregular zone or band of 
light which croffes the ecliptic in Cancer and Capri- 
corn, and is inclined to it in an anglp of about fixty 
degrees. Other nebulse are feldom fo large as to 
be feen by the nailed eye, to which they «q^pear as 
finall ftars. If the telefcope be applied to them, 
they feem to be luminous fpots of various figures, in 
Ibme inftances with ftars in them. The number of 
nebulse afcertained before Herfchel are about 103, 
and that obferver had detefted 466 more, previous 
to the month of April 1784, Many of the ncbute 
are refolvablc By the telefcope into clufters of fmall 
ftars; and it is found that telefcopes of greater power 
refolve thofenebulas^into ftars, which appear as white 
clouds in inftruments of lefs force. Hence there is 
good reafon to conclude that they all confift of 
clufters or prodigious aggregates of ftars. 

Mr. Herfchel has rendered it highly probable, x 
both from obfervation and well-grounded Gonje6hn:e, 
that the ftarry heaven is replete with thefe nebulge or 

* Mr. Hei^fchcPs numerous and important difcovenes are in- 
. fcrted in the late volumes of the Philofophical Tranfadliops, 
as are alfo the accounts of Algol. 
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fyftems of ftars of various figuresi aiid that thi 
milky-way is that particular nebula in which out 
Sun is placed. Nothing more is neceflary in or- 
der to account for the appearance it exhibits, than 
to aflume its figure as being much more extended 
towards the apparent zone of illumination than in 
other direftions. And the obfervations on the va- 
rious figures of nebulae render this fuppofition 
perfeftly allowable. 

The want of an annual parallax in the fixed ftars 
evinces, that a luminous body, whofe diameter is* 
equal to that of the Earth's annual orbit, would not 
fubtencka fenfible angle if feen from the fixed ftars. 
Much lefs therefore would the Sun, if viewed from 
fuch a diftance. It may therefore be fairly con- 
cluded, that the . Sun, when feen from any fixed 
ftar, muft have much the fame appearance as a 
fixed ftar feen from hence : or, in other words, the 
fixed ftars are funs* 

Reafoning . then analogically, as far as the na- 
ture of the faftswe poffefs will admit, it maybe 
deduced ; firft, that the univerfe confifts of nebute, 
or diftinft fyftems of ftars ; fecondly, that each ne- 
bula is compofed of a prodigious number of funs, 
or bodies . that fliine by their own native fplendor » 
thirdly, that each individual fun is deftined to 
give light to hundreds (124, r. i6i, w- 164, e*) 
of worlds that revolye about it, but which caa 
no more be feen by us, on account of their great 
diftance, than the folar planets can be feen from the 
fixed ftars. 

2 Yet, 
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Tetj as in this unexplored, and, perhaps, unex- a 
.J^lorable abyfs of fpace, it is no neceflary condition 
that the planets fliould be of the fame magnitudes as 
thole belonging to our fyftem, it is not improbable 
but that planetary bodies may be difcovered among 
the double and tripk ftars* 

Our curiofity is much interefted in the contem- c 
plation of the phenomena of new ^d changeable 
ftars, but the caufes that may be offered with plaufi- 
bility to Iblve thefe appearances are not many. 

If the light 6( the Sun and fixed ftars be ima-f z 
gined to proceed from a combuftion fimilar to that 
which is required to produce light in our cxperi- 

■r 

ments, it may happen that when all the inflammable. . 
matter i.s decompofed the ignition may ceafe. Or, 
if a mafs of matter adapted for inflammation begin 
by any caufe to burn, its ignition and emifllon of 
light will then comrnence. Thefe confiderations 
may explain the difappearance of fome ftars, and the 
appearance of others. And as there are no data tq 
fix th^ time between the beginning and end of the 
apfpearance, the ftars may laft for any given time, 
according to circumftances. 

The Ipots on the Sun (174, v.) have afibrded p 
a conjefture relpefting the caufe of the periodical 
change of brightnefs in fome ftars. For, if a ftar 
be fuppofed to have a fpot of confiderable magni^ 
tude, and to turn, on its axis, it will be much brighter 
when the ipot is not on the vifible difc than when it 
is. However, it muft be confeffed, that the pheno- 
mena do not in general agree with this fuppofition, 
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which cann6t eafily be reconciled to the permanent 
brightncfs or obfcurity that prevails in the change- 
able ftars for more than half the period, 

B If a ftar, by a fwift revolution, be made to affumc 
and prefcrve a flattened figure, and its axis have a 
rotation fimilar to that hereafter to be e^lairied in 
the Earth, it will be much lefs bright when its tdgc 
is prefented to the obferver than when the vifiblc 
difc is projcfted broader. 

f Or, laftly, if a large planet revolve about a 
ftar, it may occafiori certain periodical eclipfes of 
fofficicnt magnitude and duration to be perceivfcd 
by us, on account of ithe quantity of light intir- 

G cepted. Thus, for example, if an opake planet> 
whofe diamieter is not much lefs than that of Algol, 
be fuppofed to revolve about thlt ftar at th<? dif- 
tance of thirty-three diameters of Algol, in the. givfeU 
period of 2 days, 20 hours, 49 minutes, 3 feeonds> 
in an orbit whofe plane palles at prefent through 
or near the Earth, it will caufe certain eclipfes* th^t 
will agree very well with the appearances obferved. 
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CHAR L 

«F THE GENERAL EFFECTS OF CENTRIPETAL FORCSa 

ON BODIES IN MOTION, 

WE are now to refume the confideration of a 
bodies in motion, which are afted on by a 
centripetal force (94, i) and to apply that doctrine 
to the phenomena explained in the preceding feftion. 

Let A B c D, &c, (fig. 66.) be a regular polygon, b 
infcribed in a circle. If a body be fuppofed to re- 
volve in that polygon, it will be neceffary that a forc^ 
direfted to the center s fliould be applied at the 
points B, c, D, &c. to defleft the body from its right 
lined courfe (21, p). The more numerous the fide^ 
of the polygon are, the nearer they wijl be»to the cir- 
cul ar curve, and the more frequent muft be the iuccet 
five aftions of the centripetal force. And if the num- 
ber of fides be infinitely great, the polygon will abfo- 
lutely coincide with the circle, or become a circle, 

O 2 wd 
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and the aftions of the centripetal force muft beinQ-» 
nitely numerous, or the force will aft without inter-r 

c n/ifliDn. Confcquently, whatever may be proved irx 
general of a body moving in a regular polygpn by 
^n original uniform motion, combined with the 
iTiotion produced by die fucceflive aftions^ of a forcp 
dircded to the center of the polygon, will hold 
good with refpeft to the motion of a body in a 
circle, the centripetal force being fuppofed to aft 
without intermiflion. 

D In our reafoning concerning centripetal forces, it; 
is here fuppofed th^t a given force afts on bodies 
according to their mafles, like gravity (26j, a) and 
confcquently caufes equal defleftions \n each fixaQ 
the right lined courfe, 

E The intenfity or quantity of any force is meafured 
hy the efFeft it produces in a given time (21 ^ Q^* 
38, t). Suppofe a body to be projefted from if 
to A, fig. 66. a centripetal force reprefented by a ^ 
will caufe it to defcribe the line a b inftead of a Q^ itt 
an equal Ipace of time (23, t). If the velocity in ma 
.had been greater, 'the adlion of the force in the line 
A R rpuft have been greater in .the fame proportion 
to have caufed the fame defleftion; that is, the 
centripetal force muft at each point of defle&ion b? 
• as the velocity. But again, the greater the velocity 
the greater number of fides of the polygon will be 
defcribed by the body in a given time, and the mor^ 
frequent muft be the aftions of the centripetal force. 
For this reafon therefore, the number pf the aftions 

f inuft lilyewife be as the velocity. On both accounts 

therefore^ 
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therefore, the whole eiFeft of the force in. a given 
time, or its intepfity, muft be in the duplicate 
piroportion, or as the fquare of the velocity, that; 
hi fimply as the velocity, tiecaufe the aftions 
themfelves are greater or lefs in that prQportion 5 
^d again, fimply as the velocity, becaufe the 
aftions take place more or lefs frequently in the 
i^nie proportion. And the fame is true of the a 
effeft of an unceafing force that may caufe the 
body to revolve in the circle i<i whicti the polygofi 
is infcribed (598, c), 

The polygon nop being fimilar to the polygon ^ 
ABC, will, with a given velocity, require the 
fartie aftion to caufe the requifite defleftions from 
the right lined courfe in a body revolving in it. . 
Bqt thofe ^ftions muft recyr o/tQner in propor- 
tion as the fide qf the polygon nop is 'lefs than 
that of the polygon a b c, becaufe a proportion- 
ally greater nuniber of the fmaller fides will be 
pafled over with the fame velocity. The force ip ' 
the fmaller polygon muft therefore be increafed 
in the inverfe proportion of its fide to that of the 
greater, or, which is the fame, in the inverfe pro- 
portion of their radii. On the whole then, the 1 
centripetal forces, by which bodies are retained in 
circular orbits, (198, c) are in a, ratio com- 
pounded of the direft ratio of thfe fquares of the velo- 
cities, (199, F, g) and the inverfe ratio of their fem;- 
dianrieters. 

The periodical times of bodies revolving in eijr? i^ 
cles are greater, th^ greater the radii, and lefs, th^ 

O 4 greatear 
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greater the velocities. That is to fay, the periodi- 
cal times are diredly as the radii, and inverfely as 
the velocities. ' 

t If the centripetal forces be fuppofed to increafe 
as the cubes or third powers of the radii decreafc, 
the cubes of the radii will be invcrfely as the 
fquares of the velocities, and dircftly as the radii, 
bccaufe the forces themfelvcs are inverfeiy in this 
compound ratio (199, i). Whence the fquares of 
the velocities will be direftly as the radii, and in- 
verfeiy as the cubes of the radii ; or more limply, 

M as the fquares of the radii inverfeiy, And the ve- 
locities themfelves will confequently be inverfeiy a$ 
the radii, 

^ If the fquares of die periodical times be dire6Uy 
as the cubes of the radii, the cubes of the radii 
will be (199, k) direftly as the fquares of tho 
radii, and inverfeiy as the fquares of the velocities. 
Therefore, the fquares of the velocities will be 
direftly as the fquares of the radii, and inverfeiy 
as the cubes pf the radii j or, more fimply, as the 
radii inyerfcly, Now the centripetal forces ( 1 99, i) 
are direftly as the fquares of the velocities, and in^ 
yerfely as the radii. Therefore, if in this laft com- 
pound ratio we fubftitute .the inverfe ratio of the 
radii, inftead of the dired: ratio of the fquares of 
the velocities, tq which it is equal, we fliall have' 
the forces in the inverfe ratio of the fquare^ 

O of the radii, That is to fay, if the fquares of the 
j^eriodical tipfies of bodies revolving in circles be 

direftly 
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direfliy as die cubes of the radii, die cenlripetal 
forces will be ihvcrfely as die fquares of die radii* 

The velocity of a body moving in a curve, and P 
afted on by a centripetal force, is inverfely as the 
perpendicular let fall from the center, to the tan- 
gent drawn through that point of the curve at which 
die velocity is required. • Let a b, fig, 67 . be a curve 
in which a body moves, defcribing equ4 areas in 
equal times (95, m), about the point c. Then 
die velocity at the points d ^k1 f will be inverfely 
as the perpendiculars c h, c i, let fall from c on 
|he tangoits d h, f i to the curve in the fpoint$ d, 
f. For if the body wove througb the Ipaces d v^ 
r G, in equal indefinitely finall portions of tiniff, 
d)0& lines may be taken for portions of the tan- 
gents DH, Fi, and the triangles dce, Fc<y, will 
be equal (95, m). But the bafcs d e, f d, ofeijual 
triangles, are inverfely as th^ pcrpendiculaiis cif, 
cu And the velocities being as the bafcs pj, fo^ 
ddcribed in equal times, muft alfo be in theiame 
Invert r^tio of thofe perpendiculars, Which w^ 
to be fhewn. 

If a body, afted on by a centripetal, force, dU q^ 
iieded to c (fig, 68,), be projefiked from ir, in a 
direflion at right angles to u c, but with a velocity 
too finall to caufe it to revolve in a circle u a, it 
will fail widiin the circle, by the greater preva^r 
lence of the centripetal force. As it approaches 
die center, its velocity muft incrcafe {96 y r), and 
fo nqiuft likewife its tendency to recede from the 

center. 



.20a JFFECTS OF ^ENTWPETAL FORCES 

center. If thic centripetal force increafcs in the 
feme or in a higher ratio than that tendency, die 
body will fldll continue to approach^ and at length 
fall into the center* But if the centripetal force 
jncreafc$ in a Icfs ratioj^ the increafing velocity will 
caufe the body to move in a courfe lefs and lefs 
inclined to the radius, till at length it becomes at 
right angles to it, and recedes agaun from the 
center, becaufe by the fuppofition, the velocity is 
too great for the body to move there in a circu- 
lar orbit* In the recefs from the center the velo* 
city muft decreafe (96^ r), and a fimilar curve 
be defcribed by the body, till its courfe becomes 
agsun at right angles to the radius, and it is again 
xaufed to approadi the center. And thi^ altema** 
toon will continue for even 

It The aflertion refpefting the fii^iilarity or rather 
xongruity of the curves between the apfides nr»y 
•be eafily evinced from fig, 40. For if a body be 
fuppofed to move from h to c, and to be reflefte4 
back from c, in the diredion and with the velocity 
c D, it is unneceffary to fliew that it would again 
defcribe the fame polygon ch. And the iamc 

. holds good of curves (9^, m). Now a body that 
arrives at its apfis muft move with a velocity and 
direftion which, with reff>e6l to the^center, is equi- 
valent to its being reflefted back in the contrary 
dire£tion, becaufe in either cafe it will begin to 
move with a given velocity in the tangent irf the 
iame circle. 

It 
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It would carry us too far into the confideration i 
of the nature of thofe .curves that may be drfcribcd 
by bodies a61:ed oh; by centripetal forces, if we 
^eere to enquire minutely into the confequences that 
would follow from the fuppofition of various laws 
of its increale or diminution, according to the dif- 
tance. Our purpofe will be fufEciendy anljwrered , 
by attending to the velocities of revolving bodies 
in their apfides. Let a body (fig, 68.) be pro- T 
jefted from u towards a, in a direftion at right 
angles to cu, a line drawn from the point c, 
to which let tlie cefitripetal force be fuppofed. to^be 
direfted. Suppofe the velocity, of projeftion ,tQ 
be lels than would be required to carry the body 
in a circle at u, and th6 body will accede toward^ 
the center, by pafling through a curve udf. If 
the law of the centripetal force be fuch (201, <i^) 
as to fufFer the body to recede again, after coming 
withih a certain diftance of the center, there wiU 
be fome point l, at which the body, previous to its 
going off, will neither approach nor recede from 
-the center, but move in a direftion at right angles 
to the radius. This point is the lower apfis, an<J 
its velocity wi|l then be inyerfejy as the perpendi* 
pular CL (201, p)y 

JLet us^ fuppofe the centripetal force to be in-» u 
verfely a§ the cube^of the diftance from c. Theii 
(200, m) the velocities neceflary to carry a body in 
^ circle at u or l ^ill be inyerfdy as the diftances .^_ 
vc^ he. The aftual velocities at u and l are in 
f he fajne ratio, and the velocity at u is known to 

be 
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be too fmall to carry it in a circle there* Co^^ 
quently^ the a^hial velocity at l muft be likewi& 
too finali in the fame ratio^ and the body will con* 
iinue to approach the center, after having pafled 
the apfis. It will not> therefore, defcribe a curve 
congruous with the curve defcribed in its paflagt 
between the two apfides. But this laft: confequencc 
being contrary to what has been already prov^^i 
{^oi, r) muft be f^&, and fo muft likewife be 
die original fuppoiition from which it was deduced. 

V Confequendy it is not true, that a ^Kxiy projedfid 
with a velocity too finali tp keep it in a circle^ 
and a&ed on by a centripetal force inverfely as the 
cubes of the diftances, can ever arrive at the lower 

w apfis. It muft therefore continually approach the 
center, and at length fall into it. 

X If the body be fuj^fbd to be originally pro^ 
ji^ed from l, the lower apfis, with a velocity too 
great for the centripetal force, according to the 
fame law, to retain it in a circle, it may be fiiewq 
by fimilar argumentation that it would never ar- 
rive at the higher apfis, bu^ would continually re- 
cede from the center. 

V Thus it appears, that the inverted ratio of the 
cubes of the diftances is the law rf centripetal force 
that limits the revolutions of bodies in curves that 
admit of alternate approach and recefe from the cen- 
ter. For if, according to this law, a body, after onc,e 
beginning to approach the center or to recede fi*«m 
jt, cannot but continue that approach or reeefs, 
jt muft be much more ilrwgly urged in the famc^ 

2 manner 
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mannfer by a centripetal force that follows the in- 
verted Wtio of Ibme higher power of the diftance. 
And again, if the law of the force follows fome 
inverted ratio left than that of the cube of the 
diftance, the velocities required to retain bodi^ 
in circular orbits iVill be left than after the in- 
vbrtfed t-atio of the diftance as that law would re- 
quire (aoo, L, u). Whence it follows^ that fiilGc 
the velocities in defcending From the tipper apfii 
increafe fafter than the diftances decreale, the per- 
pendicular CH, fig, 67. beihglefs than the diftance cd 
(201, p), the motion of the body will be dire^d 
fefs ahd left towahls the center, till it becomes at 
right angles 00 the tadius, the body being theft 
in the lower apfis. After which it muft afcend 
thr'o'ugh a curve fimilar and equal to that it before 
defcribed in paiGJihg between the apfides (^02, a)* 

Hence ,it is feen, that when the centripetal fblte z 
increafes in approaching the center in a feiS ratio 
than the inveife ratio of the cubes of theidiftanliesj^ 
the law of its increafe may be found ffom dife quait* 
tity of angular motio# employed in palling frofti 
one apfis to the other. For the diftance betwlteft 4. 
the upper and lower apfis will be greater the nearet 
the law of the centripetal force approacheis to Aat 
ratio, becaufe the body muft run through a ^^ter 
Ipace before the tendency to i-ecedfe fi'dm the g^^ 
ter, arifing from die Vdocity and direction, em bi 
Irqu^ to the centripetal force. 

If a body revolves in an elliptical orbit, defcrib- b 
ing equal areas in equal tirties about tint ttf Ac 

foci. 
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foci, the apfides will be at the two extremities q£ 
the tranfverfe diameter, or i8o^ of angular mo- 
tion aparty the centripetal force will be dire&ed 
to that focus (95, n)^ and its intenfity will be in- 
verfely as the fquare of the diftance *. 

c If a body revolves between two apfides, and 
the centripetal force be inverfely as fome power of 
the diftance, greater than the fquare and lefs than 
the cube, the diftance between the apfides will be 
more than 180". But if the centripetal force be 
inverfely as fome power of the diftance lefs than 
the fquare, the diftance between the apfides will 
be lefs than i8o* (205, a). In thefe cafes the 
' orbit may be confidered as an ellipfis whole tranCr 
verfe diameter, or line of the apfides, is not ftation- 
ary, but revolves on the focus to which the force 

JD is direfted. The apfides may therefore be faid ta 
revolve in confequentia, or with the moving body, 
when the force in approaching the center is greater 
than after the in verfe ratio of the fquare of the 
diftance 5 or to revolve in antecedentia when the 

X force is lefs than after that •atio. And the quief- 
cence of the apfides will be a proofi that the cen- 
tripetal force is accurately m the inverfe ratio of the 
fquare of the diftance. 

r The periodical time of a revolution about the 
focus in, a quiefcent ellipfis is equal to that which 
would be employed in defcribing a circle whofe ra- 
dius is half the tranfverfe diameter of the ellipfis t. 

• Prlncipia, I. 5§. 3. ^i ,f Principia, I. 15. 

Therefore, 
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CEI«TRIPETAL FORdES OF PtAltfEtS:, dCrj 

Thcrefort, if the fquares of the periodical times © 
of bodies revolving in elKpfes be direftiy as the . 
cubes of the mean diftances (200, o) the ceatii^ 
petal forces will be inverfely as the diftances^ 



CHAP. II. 

THE UNIVERSALITY OF GRAVITATION DEDUC» 

JFROM ITS EFFECTS. 



TH E planetary bodies being in motion would 
(21, p) continue to move for ever in right 
lines, unlefs compelled to change theii* ftatc by 
forces imprefTed. But they move in curve lines u 
(i2T, k), and confequently muft beaded on by 
forces that continually defleft their courfes out of ' 
die right lined direction. 

Every primary planet moves with fuch a velocity i 
and direftion, that a line joining the centers of tht 
planet and the Sun defcribes equal areas in equal 
times (121, k). Whence it follows, diat the cen- 
tripetal forces which retain thefe planets in their 
orbits are (95, n) direfted to the Sun's center. 

The periodical times of the primary planets arc 

fuch, that their fquares are direftly in proportion 

to the cubes of their me*i diftances from the Sun. 

Their orbits are (121, k) elliptical, and their ap- 

fides quiefcent. From thefe phenomena it is proved k 

(207, G. 205, B. 206, e), that the centripetal forces 

are inverfely as the fquares of. the diftances froni 

the Sun. ^ 

Every 
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Evdiy fecondaiy planet niored mdi fuch d 
Tdocity end diredion^ that a line joining the Cen« 
icr of the fccondary with that and its primary, de- 

% fcribes equal areas in equal times. The centripe- 
tal forces retaining thefe bodies in their orbits con* 
fequently are (95, n) direfted to the centers of 
their relpeftivc primaries. 

The periodical times of Saturn's moons are fuch> 
that their fquares are direftly in proportion to the 

M cubes of their diftance3. And, therefore, the cen- 
tripetal forces are inverfely as the fquares of the 
diftances (200, o). 

N The fame phenomenon in Jupiter's moons 
fiiew, that their centripetal forces follow the fame 
law. 

• 

Q The orbits of Saturn's and Jupiter's moons are 
here taken to be circular. For obfervation Has not 
yet eftabliflied the eccentricity of any of thefe or- 
bits, except that of Jupiter's fourth fatellite. 

The Moon is carried about the' Earth with fuch 

a velocity and direftion, that a line joining its 

' center and that of the Earth, defcribes equal areas 

p in equal times (143, f). It is therefore retained 
in its orbit by a force directed to the Earth's 
center. 

Q^ The Moon's orbit is elliptical, and its apfides 
quiefcent. Its centripetal force is therefore in- 
verfely as the fquare of its diftance (205, B. 206, e). 

Every comet moves with fuch a velocity and 
direftion, that a line joining the centers of th€ 
comet and Sun defcribes equal areas in equal 

times 



times (1 60, V). The centripetal forces retiuning 1. 
the comets in their orints is (95^ k) therefore di« 
re£ted to the Sun* 

All the comets defcribe either cUipfes or para-^ 
&ola$ (i6o,Vyy). Thole whofe return has been ob-* 
ierved have their apfides quiefcent. Whence it s 
follows * (205, B. 206, b), that the centripetal, 
forces are inverfely as the fquares of the diftances 
fisom the Sun* 

It is not to be underftood that the planetary r 
phenomena are in abfblute ftridbieis as given in this 
place. But the irregularities are very fmall, and 
it will hereafter be feen^ that they are of fuch a 
nature as to giye additional force to the deduc* 
tions here made. 

The force that retams the Moon in its orbit is v 
the fame with that which caufes bodies near the 
Earth's furface to be heavy^ and is called Gravity; 

To prove this important truths let us take 57' v 
ibr the Moon's horizontal parallax at its mean 
diftance^ and that diftance will> by plane trigono^ 
metry^ be found to be 60.314 iemidiameters o^the 
Eardi. The periodical time of the Moon is nj d. 
7 h. 43 m. (i4ii> a), or 39343 minutes^ which is 
the fame period as would obtain if its orbit were 
' a circle {206^ f) whole radius is equal to the mean 
<liftance> and the centripetal Ibrce remained unal* 
tered. To come at the efFefts of this force more 
readily, it will be convenient to attend to this cir- 

* For the.pdrabola^ fee PriH«ipia> I. 13. 

' . Vol. I. P cular 
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' ctdar revoluttoii. In one minute of time the Moon 
in. this orbk-VpuW pafs through the ttitt part, or 
an arc of 32.941 feconds of meafure. The mean 
length of a degree on the Earth's meridian is 
342516 Paris feet, which number multiplied by 
60.314, >will give 20658510 Paris feet for the 
fength of a degree in the fuppoied circular orbit. 
Whence the arc of 32*941 feconds paffed through 
.in a minute may be found in feet, as alfo its 
verfed fine. The verfed fine being the fpacc 
through which the Moon muft fall beneath the 
tangent in the time of one minute, will be the cf- 
fc6t of, and will meafure the centripetal force (35, 5). 
Thisipaceor. verfed fine is 15.0944 Paris feet. 
Now, becaufe the Moon's centripetal force is i^- 

■ verfely as the fquare of the diftance fiiom the 
Earth*5 center (208, qJ), we may find what its ef- 
feft would be at the Earth's furface by faying, As 
the fquare of 60.314, the Moon's diftance from the 
Earth's center; Is to the fquare of i, the diftance 
of the fiarface of the Earth fi-om' its center : So is 
the meafure (35, e) of the centripetal force at the 
Moon 15.0944 feet; To the meafure or efFeft of 
the fame force at the Earth's furface, or 54910 
feet. 

w To find whether this fpace agrees with the fall 
of bodies at the Earth's furface by gravity, we muft 
reduce the time to one fecond ; becaufe we have 
no means of dire<5lly meafijring the aftual fall of 
bodies during fo long a time as one minute. Now, 
though the centripetal force of the Moon increafes 

. in 
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m approaching the Earth's center, yetthcfemea- 
fures of that force are ftriftly accuratc> becaufe 
confidered as they obtaiiv in circular orbits where 
the diftance of the body is not diminiflied by its 
fall : but the difference would in the prefent cafe be 
abfolutely infenflbfe in fo'Ihort timts as a fecond 
or a minute, even if »we fuppofed the falling body 
to be moved in a right line direfted to the center. 
• The fpaces dcfcrib^d by falling will confequently 
be defcribed by an uniformly accelerated motion, 
and will be (29, o) las the f^uares of the times. 
Therefore as the fquare of 60 feconds ; Is to the 
fquare of- 1 fecond: So is 4^4910 feet; To 15.2528 
feet that bodies would fall through at die Earth's 
furface in a fecond by the aftion of the centripetal 
force that retains the Moon in its orbit. 

But bodies fall dirough 15.084 P«ris feet in a x 
fecond, by the aftion of gravity. The fall of 
bodies near the Earth's furface and of the Moon 
are effeits of the fame kind, and therefore, by 
the fecond rule of philofophizing, are produced 
by the faitie caufe. That is to fay, the Moon is 
retained in its orbit by gravity. 

Moreover,, fincc it is eftablifhcd from the Moon^s y 
revolution in its orbit that a centripetal force exifts 
and afts in the dire£tion towards the center of the 
Earth, and ho good reafon can be given againft- 
its adtioh that would take place, according to its 
law, on bodies any where fituated, it itiuft fol- 
low, that bodies fall near the Earth's furface, ei- 
ther by this force alone or by this force in conjunc- 

P 2 tion 
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tion with fi>me other. But diis latter coniequehce 
cannot be admitted^ becaufe bodies would then fall 
with greater velocity than the Moon at the ikne 
diftance; whereas it has been juft fhewn^ that 
their velocities are fomewhat leis. 

And even this difference between the velocities 
of the Moon and of fmaller bodies affords an ad- 
ditional proof> that the fatpe^ force of gravity is 
concerned in both. For the force would have 
proved accurately the fame^ as far as obfervatioo 
can meafure its efieds, if prq>er allowance^ ac- 
cording to the laws' of gravity known from its 
eSe&s on heavy bodies, had been made in the 
Computation for the mafs of the Moon^ and the 
Sun's; adion on the Earth and Moon. 

The revolutions of the (atcllites of Jupiter and 
Saturn, and alfo thofe of the primary planets and 
of the comets, are phenomena of the, fame kind as 
the Moon's revolution about the Earth, and ait 
therefore (6, ii.) to be attributed to the fame 
caufes, namely, to an original or projedile modon> 
compounded with a motion produced by gravity. 

Action and re-aftion (22, r) being equal, it 
follows alfo, becaufe the fecondary planets gravi- 
tate towards their primaries, and the primary 
planets together with their fatellites, as likewife 
the comets, gravitate towards the Sun, that the 
primary planets muft likewife gravitate towards 
their fecondaries, and 'the Sun towards the whole 
fyftem* That is to fay, gravitation is univerfal, 

or a property of all bodies vrhsttfoever. 

The 
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The mutual aftion of two bodies (22, r. 95, o) d 
that gravitate to each other is the caufe that if they 
fall, both will approach the common center of gravity 
with equal quantities of motion, br if they have at the 
iame time a projeftile velocity, both will abfolutely 
revolve about that center. If one of the two bodies 
exceed the other indefinitely in mafs, its velocity • 
( 19, h) of approach will be indefinitely lefs than that 
of the other in the former cafe, or the radius of its orbit 
will be indefinitely lefs than that of the other in the 
latter cafe. Whence the whole relative velocity of ap- b 
^roach may be taken for the abfolute velocity pro- 
duced in the lefs body j or the orbit defcribed by the 
lefs body about the greater may be taken for that which 
it defcribes about the common center of gravity. 

The fall of bodies near the Earth's furface may f 
be regarded as their abfolute motion. For the 
magnitude of the Earth is fo great with relpe6fc 
to the bodies with which art can make expe- 
riments, that its velocity is incomparably fmaUer 
tlun the differences which the imperfeftions of the 
fenfes muft caufe in all obfervations. We may c 
iikewife in this place confider the motions of the 
planets and comets about the Sua as abfolutei^ 
though the magnitude of that luminary is not {o 
cxceffive as to render diofe of the planets inconr 
fiderable. The fame is to be underflood of ^e h 
fatellites of Jupiter and Saturn. 

AH bodies fall near die Earth's furface with t 
equal velocities (a6, a, b). The planets and comets 
being accelerated towards the Sun by powers which 

P 3 are 
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ar^ (207, K. P09, s) inverfely as the fquares of the dif- 
tances, would confequently be eqyally accelerated 
at equal diftanees. The fame is true of the fatel- 
lites with relpeft to the Sun, becaufc they revolvp 
together with their primaries in the annual orbits, 
and alfo with refpeft to their primaries (208, m, n). 

K From thefe equal accelerations it follows, that 
the force of gravity which urges minute bodies to- 
wards any other larger body, is in proportion to 
the mafs of the body urged. 

i This law of gravity being eftabUihed from ob- 
fervations in cafes where the velocity of the fmaller 
body can be taken without fenfible error, we may 
again refume the confideration of the re-^aftion . of 
the fmaller. Let us call the larger l, and the 
fmaller s. Then, becaufe s is urged towards l, 
by a force which is as the magnitude of s, l will 
be urged (22, r) towards s, with the fame force. 
That is, if s becomes larger, it will attraft h the 
more ilrongly in proportion. Now, s may be 
imagined to become larger, fo as even to exceed 
I, in any ratio whatever, and the increafe, of at- 

M tra<5Uon will ftill obtain. Therefore, a given body 
riot only attracfts another, in proportion to the 
mafs of this jaft, but alfo in proportion to its own 

K mafj. That is to fay, the force of gravitation ex- 
erted * betweea two bodies is in the compound ra- 
tio of their maffes, 

m The at^folute force of gravity being in the com- 
poynd ratio of the maffes of the two bodies, or 
as the ipaffcg mujidplied kito each other^ will be 

, . meafured 
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rtne'afured by the quantity of motion produced in 
cither body (21, c^, 19, l) in a given time, or by the 
mafsofthe body multiplied into its velocity; that • 
is, the numeral produdt of the malles willbc equal 
to the numeral produd of the mafs of one of the 
bodies into its velocity. Now, if each of thefe 
equal produfts be divided by the mafs of the body, 
whofe velocity is confidered, the two remainders 
will be equal, namely, the mafs of the one body will . 
be equal to the velocity of the other. Or, more p 
dearly (becaufe we have ufed number, in order to;- 
avoid tlfc cdmparifon of ratios, which is lefs gene- 
rally underftood) the mafs of one body will be as 
the velocity or acceleration of the cither. Whenc« o^ 
it follows, diat if die velocities produced in bodies 
by gravitation be known, the proportional malTes 
of the bodies towards which, they art urged will be 
alio known. 

From this confequence themafsof any large pla- a 
net may 'be known from the velocity of defcent it 
produces in bodies indefinitely fmaller than itfelf. 
For the relative velocities of fiich fmall bodies(2i3,£), 
with relpeft to the larger, may be taken for their ab- 
folute velocities. -Now, the velocities of the planets s 
towards the Sun, of the fatellites of Jupiter and 
Saturn towards their relpedtive primaries (213, c), 
andof projefliles near the Earth's furface, being re^ 
duced to equal diftances of the attradting bodies, ^ 
was done in comparing the Moon's gravity with tha$ - 
of terreftrial bodies. (209, v, w, x) or otherwife, arc, 
and confequently likewife their m^flcs are, (nearly) 
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as the numbers i, tvjtj Trrr> and rrArr^ Hence 
alio the denfities may be found, becaufe their buBu 

T are known from obfervadon. Thus, the denfi^^ 
ties, or ipeciiic gravities, are in four bodies jiift 
mendoncd, loo, 94^-, 36^ and 400. Thefe num- 
bers may be familiarized to the imagination, by 
obferving, that if the mean dcnfity of the Earth be 
fuppofed to anfwer to that of common green glais, 
the Sun's dcnfity would be equal to that of dry 

. pear-tree, Jupiter's to cedar, and Saturn's to corkw 

V Our knowledge of the remote parts of the jila- 
netary fyftem is too imperfeA to admit of many re- 

V marks on thefaAs we can obierve and deduce. It 
is, however, wordiy of notice, that the inimeniely 
large planets, Jupiter, Saturn, and die Geocgium 
. Sidus, would haive occafioned great irregularities by 

their attradioos on die odier bodies of the fyftem; 
if, mftead of being placed at die great dUUoces 
they are from the common center of gravity> apd 
from each other, they had occupied the places of 
the finall planets. Mars, the Earth, Venus orMer- 
w cury. And if the celcftial fpaces be noc abfolutely 
. vacuous, but poflefied hy ibme very rare matter, 
(175, a) the refiftance fuch matter muft afford 
in the courfe of ages to the motions of the planets, 
will be brought nearly to equaU^ in its efitfts, if 
the planets which move iwifter are at the fame time 
more denie. Laftly, becaufe it is obierved in the 
conftitudon of terreftrial bodies, that die denier re- 
qubr. In many inftances, a higher degree of heat 
fb produce given changes in them, it has been con- 

jedkured. 
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jeftured, not without fbme degree of probability, 
that the planets nearer the Sun are for this purpoie 
formed of denfer materials adapted to their iitua- 
tion. 

From the univeffality; of gravitation (212, c) x 
it is deduced^ that the fixed ftars are either fal- 
ling towards the common center of gravity of the 
univerfe; or ait made to defcribe immenfe orbit$ 
which ultimairely reipe^ that center. The life of 
nian> affiited by every traditional record for thou- 
fands of yearsj feems too ihort to afceftain the refiilt 
of this fublime enquuy. It will be a grand acqui* 
fltion> if the repeated obfervations of Icveral centu* 
ries to come fhould determine the proper motions 
of the vail number of funs that compofe the nebuhcr, 
094' ^) ^^ which our whole planetary lyflem, 
with all its comets^ forms {Q.ixtqonR^x^ble a p^rt. 
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CHAP. III. 

DF THE IRREGULARITIl^S ARISING FROM TifE 
MUTUAL GRAVITATION OF THE PLANETS. 

y TF the Sun were at reft, and the planets did not 
X nnutually gravitate towards each other, they 
would defcribe ellipfes, having the Sun in the 
common focus. But fince they mutually aft 
'on the Sun, and on each other (212, c) it muft 
follow that the Sun is perpetually moved about 
the center of gravity of all the planets, which cen- 
ter is the common focus of their orbits. This cen- 
ter, by* reafon of the Sun's very great bulk, can, 
in no (ituation, exceed the diftance of its femldia- 

z meter from its furface. Some finall irregularities 
arife from thefe mutual aftions, but 'much lefs than 
would enfue if the Sun were at reft, or not fubjeft to 
the re-aftion of the other planets. The irregularities 
in the motions of the primary planets are fcarceiy^ 
confiderable enough to come under obfervation in 
the courfe of many revolutions : thofe of the Moon, 
on account of its nearnefe to us, and from other 
caufes, have ever been fufficiently great, to embar- 
rafs the aftronomical world. It will therefore be 
fufficient to explain the latter, and apply the expla- 
nation to the former, which are effefts of the fame 
kind. 

K If the aftions of the Sun upon the Earth and 

Moon were equal upon each, according to their 

maffes, and tended to produce motions in parallel 

direftions^ 
I 
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direftions, their relative motions would be the lame 
as if no fuch forces afted upon them (79, w). But 
thefe forces vary, both in quantity and dirc6lion, 
according to the various relative fituations of the ' 
Earth and Moon. 

Let the point s (fig- dS.^ reprefent the Sun, £ the b 
Earth, and a d b c the orbit of the Moon. Then, if 
the Moon be: at the quadrature a, the diftances e % 
and a s of the Earth and Moon from the Sun, be- 
ing equal, their gravities towards s will alilb be 
equal, and may be reprefented by thofe lines e s and 
a s. Draw the line a l parallel and equal to £ s^ 
and join l s, which will be parallel to ae. The force 
a s may be refolved (23,t) into the two forces al 
and AE ; of which al, by reafon of its parallelifm 
and equality to es (79, w) will not difturb their 
relative motions or fituation : but the force a e, con- 
fpiring with that of gravity, will caufe the Moon to 
fall farther below the tangent of its orbit than it 
would have done if no fuch difturbing force had ex- 
Hied. Therefore, at or near the quadratures, the c 
Moon's gravity towards the Earth is incrcafed more 
than according to the regular courfe^ and it$ orbit 
is rendered more curve. 

When the Moon is at the conjunftion c, the dif- d 
tances es and cs not being equal, the Moon's 
gravitation towards the Sun exceeds that of the Earth 
in the fame proportion as the fquare of e s exceeds 
the fquare of cs. And becaufe the excefs afts 
contrary to the dite6lion of the Moon's gravity to-» 
wards the Eaj^tb^ it diminifiies the effeft thereof^^ and 

' caufcs 
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caufes the Moon to fall Ids below the tangent of i& 
orbit than it would if no Aich difturbing force 
exifted. A like, and very nearly equals tSc£t foU 
lovs> when the Moon is at the oppofition d> by die 

'" Earth's gravitation towards the Sun being greater 
than that of the Moon i whence their mutual gra* 

i vity is diminilhed as in the former cafe. Therefore, 
at or near the conjunftion or oppofition, the Moon's 
gravity is diminifhed, and its orbit is rendered lefs 
curve. 

F . It is found, that the force added to the Moon^s 
gravity at the quadratures, is to the gravity with 
which it would revolve about the Earth in a circle 
at its prefent mean diftance, if the Sun had no efFeft 
on its motion, as i to 190 ^ and that the force fub* 
-duftcd from its gravity at the conjunftion or oppo- 

€ fition is about double this quantity. The induence 
pf the Sun, then, on the whole, increafes the Moon's 
diftance from the Earth, and augments its periodic 
cal time ; and lince this influence is moft confi- 
derable when the Earth is neareft the Sun, or in 
its pcrihelium, its periodical time muft then be 
the greatefi:^ as appears likewife from obfervatioft 

(I44> k). 

u To fhew the effeft of the Sun in difhirbing the 

Moon's motion at any fituadon between the con- 
junftion and one of the qpadratures, fuppofe at M 
(fig. 66.) let IS reprcfent the Earth's gravity to- 
wards the Sun 5 draw the line m s, which continue 
towards g j from m fet off m g, fo that m g may be 
to E s as the fquare fif the Earth's diftwce e 5 is to 

the 
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the fqu^ of the Moon's diftance ms* aiid mg 
'will reprefent the Moon's gravity towards the Sun. 
From M draw mf parallel^ and equal to zs-, join 
1^ Q, and draw mjh parallel^ and equal to f g. The 
force M o may be refolved into m f and m h ; of 
which mf^ by reafon of its parallelifin and equality to 
BSj will not difturb the retative motions or fituations 
of the Moon and Earth ; m h then is the diftwbing 
force. ^ Draw the tangent m k to the Moon's orbitj 
and continue the radius £ m towards i $ draw h i pa- 
rallel to K M, and interfedling m i in i^ and com- 
plete the parallelogram by drawing h k parallel to 
1 M, and intcrfefting m k in k. The force m h may 
be refolved into m i and m k ; of which m i afie£b 
the gravity, and m k the velocity of the Moon. 
When the force m h coincides with the tangent ; 
that is, when the Mpon is 35^ 16' diftant fix)ni 
the quadrature, the force m i, which affefts the gra- 
vity, vanifties ; and when the force m h coincides 
with the radius, that is, when the Moon is either 
in the conjunction or quadrature, the force uk 
yaniihes. Between the quadrature and the diftance 
of 35^ 16' from it, the line or force m h falls with- 
in the tangent, and confequently the force m i is 
direfted towards e, and the Moon's gravity is in- 
creafed : but, at any greater diftance from the qua- 
drature, the line At h falls without the tangent, and 
the force m i is direfted from e> the Moon's gravity 
being diminiflied. It is evident that the force m k 
is always direfted to fome point in the line which 
paffes thrQugh (he centers of the Sun and Earth; 

therefore 
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dierefbre it will accelerate the Mocm's motion^ while 
k is approaching towards that line, or the tonjunc- 
tion> and fimilarly retard it as it recedes ftoni it, or 
approaches towards the quadrature, by conipiring 
with the motion in one cafe, and fubdu^ling from 
it in the other. 

As the Moon's gravity towards the Sun at the 
conjunction is diminiihed by a quantity which is as 
the difference of the fquarcs of their diftances -, and 
as this difference, on account of the very great dif- 
tance of the Sun, is nearly the fame when the Moon 
is at the oppofition,the mutual tendency to leparate, 
or diminution of gravity, will be very nearly the 
feme. Whence it eafily follows, that all the irre- 
gularities which have been explained as happening 
between the quadrature^ and conjundion mufl in 
like circumflances take place between the quadra- 
tures and the oppofition. 

If the Moon revolved about the Earth in a cir- 
cular orbit, the Sun-'s difturbing influence being 
fuppofed not to aft, then this influence being fup- 
poied to aft would convert the orbit into an ellipfis. 
For the increafe of gravity renders it more curvet 
the quadratures, by caufing the Moon to fall further 
below the tangent 5 and the diminution of gravity, 
as well as the increafed velocity, renders the orbit 
lefs curve at the conjunftion and oppofition, by 
caufing the Moon to fall lefs belpw the tangem: 
in a given time. Therefore an ellipfis would be 
defcribed, whofe lefs or more convex parts would 
be at the quadratures, and whofe longefl diameter 

would 
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would pafs dirough them. Confequendy the Mooa 
would be fartheft from the Earth at the quadra- 
tures, and neareft at the conjunftion and oppofition. 
Neither is it ftrange that the Moon Ihould ap^oach 
or come nearer to the Earth at the time when its 
gravity is the leaft, fince that approach is not the 
immediate cohfequence of the decreafe of gravity, 
but of the curvity of its orbit near the quadratures ; 
and in like manner, its receis from the Earth at the 
quadratures does not arife immediately from its di^ 
miniihed gravity, but from the velocity and direc-* 
tion acquired at the conjunftioii or oppofition. 

But as the Moon's orbit is, independent of the m 
Sun's aftion, an ellipfis, thefe qfFefts take place 
only as far as circumflances permit. 

The Moon's gravity towards the Earth being n 
thus fubjedt to a continual change in its ratio, its 
orbit is of no conftant form. ' The la^ of its gra- - 
vity being nearly in the inverfe proportion of the 
iquares of the diilances., its orbit is nearly a quief*- 
cent ellipfis (206.); but the deviations from this 
law occafions its apfides to move diredt or retrou. 
grade, according as thofe deviations are in detedfc 
or excefs (ao6, c). Aflronomers, to reduce the 
motion of the apfides to computation, fuppofe the 
revolving body to move in an ellipfis, whofe tranf- 
verfe diameter or line of the apfides revolves at the 
fame time about the focus of the orbit. When the 
Moon is in the conjunftion or oppofition, the Sun 
fubdufts from its gravity (220, e), and that the 
more the greater its diftance is from the Earth, *fo 

that 
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that its gravity follows a greater proportion than the 
inverted ratio of the fquare of the difiance, aifd coh-^ 
fequently the apfides of its orbit muft then move 
in confequentia, or direA (206^ d). In the qua^ 
dratures the Sun adds t6 the Moon's gravity 
(219^ o) and that the more the greater its diftance 
from the Earth, {o that its gravity follows a lets 
proportion than the inverted ratio of the fquare of 
her diftance, and confequently the apfidas of its 
orbit muft then move in antecedentia, or retro* 

o ^ade (206, e). But becaufe die adjon of the' 
Sun fubdufts more from the Moon's gravity in the 

. conjundion and oppofition than it adds to it in the 
quadratures (220, f) the dired motion exceeds the 
retrograde, and at the end of«ach revolution the 
glides are found to be advanced according to the 
orderof the figns. 

T - Ifthe plane of the Moon's orbit coincided with 
that of the ecliptic, thefe would be the only irre- 
gularities arifing from the Sun's aftion j but be- 
caufe it is inclined to the plane of^the eclipdc in an 
angle of about five degrees, the whole diftrurbing 
force does not aft upon the Moon's morion in its 
orbit, a finall part of the force being employed to 
draw it out of the plane of the orbit into that of the 
ecliptic. 

Q^ Of the fbVces m k and m r, fig. 66, which difturb 
the Mootfs motion, mi being always inthedirec- 
cioh of the radius, can have no efi^f d in drawing 
it out of the plane of its orbit. And if the force 
M K really coincided with the tangent, as. we, neg- 

leSiijg 



lifting the finall deviation arifing from the obli- 
quity of the Moon's orbit have hitherto fuppofedj 
it Is evident that its only efieft would be that of 
accelerating or retarding the Moon's motion, with- 
out afiefting the plane of its. orbit. But becaufe 
that force is always direfted to fome point in the 
line which pafles through the centers of the Sun 2ind^ 
Earth (221, i) it is evident that it can coincide with 
the tangent only when that line is in the plane of tl>e 
Moon's orbiti that is to fay^ when the nodes are in 
the conjunction arid oppofition. At all other times 
the force mk muft decline to the northward or fouth- - 
ward of the tangent, arid compounding itfelf with 
the Moon's motion, will not only accelerate or 
retard it, according to the circumftalices before . 
explained, but will likewife alter its direftion, 
defle6Kng it towards that fide of the orbit on which 
the point, the force mk, tends to, is fituated. This 
defleftioh caufes the Moon to arrive at the ecliptic 
either fboner or later than it would otherwife have 
done; or, in other words, it occafions the inter- 
feftion of its orbit with the ecliptic to happen in a 
point of the - ecliptic, either nearer to, or further 
frorti,- the Moon, than that in which it would have 
happened if fuch deflexion had not taken place. 
# To illuftrate this, let the elliptical projeftion r 
COQ^M (fig. 67.) reprefent a circle in the plane of 
theecliptic, m o p n the Moon's orbit, interfefting 
. ihe-ecliptic in the nodes n and o. Suppofe the Moon 
. to be in die northern part of* its orbit at m, and 
. moving towards the hode o ; the difturbing force 
Vol. I. Q^ mk, 
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M K^ which tends cowards a point in the line s « Co 

the fouthward of the tat^gent m t, will be oom* 

pounded with the tangental force, and will cauic 

the Moon to defcribe the arc Mm, to which m r is 

ungentj inflead of the arc m o i whence the node o 

is faid to be moved to m* In this manner the 

option of the nodes may be explained for any other 

fituation. 

s This nnotion evidently depends on a twofold cir- 

cumftance, namely, the quantity and direction of 

. the force MK*. If the force m k be increafedj its 

diredion rennainiflg the fame^ it will defied the 

curve of the Moon's ptdi from its orbit in a greaser 

degree s and on the cNther hajid> if its dbedion be 

altered, fo as to approach nearer to a right angle 

with the tangent, it will caufo a greater defle&ioQj 

T though Its quantity remain the fame. When tfa^ 

Moon is in the qua^atiiresi the fo^ce u k vaniihes^ 

(aao, h) coniequently the nodes are then iU- 

tionary. When the Moon is at the o£tant, or 

fixty-five degrees from the quadrature^ the force 

MK is greateft of all^ and therefore the. motion 

of the nodes is then moft confiderabkji as far as it 

V depends on the quantity of m&. Bu( the direc<* 

tion of this force in like circuoiftalices dq>eads on 

the fituation of the liiie of the nodes* KA^ line 

of the nodes coincides Math the Une paffing through 

the centers of the Sua ^d £arth» she force mk 

coincides with the tangent of the Moon's orbit| 

^d the nodes are Scmomty. And the farther the 

node is removed from that line^ th$ fmhcr is tha^ 

. -. . ." liac 
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ikie removed from die pl«iie of the Mooii^s orbit i 
till the lioe of the nodes i» m the quadratiireSj 
lie which time the line pj»(Sng through the centers of 
the Sftin and £ftrth» nonicfes^w. angle with the plane of 
the Moon's orbk le^ual to k$ whole inclination^ or 
fivedqgrees : coulfequentlythe^ngle formed between 
jtfK and the cangetit in .like circumftances is then 
greateftj m k being direded to a point in « line 
which is further fnorn the :plajys of the Moon's orbit 
^an at any athier time» and of courfe (the motion 
of die nodes k then moft conilderad^le. 

To determine •the quany&ty and direction of the v 
motion of the node3> fiippofe the Moon in the quar- 
ter preceding tbe cyonj^uuStion^ and die node towards 
wl^cb it i$ moving to be between it and the con- 
Jun&ion : in duB cafe its motion is dire£fced to a 
|>Qiait in the ecliptic> which is le& diftaot thanithe 
pWA towards which the fon^ m «: is dire6bed ; the 
force MK. thenj compounding wi^ the Moon's 
.motipn^ caii&s it to he direded to a point more 
^diftantthaa it would ^othorwiie have been -, tiiat U 
~ to fayj the node> towards which the Moon moves^ 
is avoved towards libe conjux^ion. When the 
Moon has paifed the node^ its courfe is diredbd to 
the other nodq^ whicb is a point in the ecliptic 
more diftant than the point to which m.k is di-' 
•reded^ and dieitfbr^ mk, compounding with its. 
motion, ca^jfcs it lo be direded to a point leis dif- 
ftant than it would othemfe have Ixen ; fo thatin 
this caie Ukewi&> the '^nAiing node is moved to- 
wardsthe^coojun^tion. After the Moon 4iaS:pa&d' 

0^2 tho 
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the conjunction^ the force m ic ftill continues to 
dcfleft its courfe towards the ecliptic, and confe- 
quently the- motion of the node is the fame way 
till its arrival at the quadrature. Suppofe again, 
the Moon to be at the conjunction, and the node 
towards which it is moving to be between it and 
the quadrature. In this cafe the ibrce mk com- 
pounding with the Moon's motion, caufes it to 
nrKxve towards a point in the ecliptic lefs diftant 
than it would othcrwiie have done, fo that the en- 
fuing node is brought towards the conjunAion. 
When the Moon has pafied the node, the force 
UK ftill continuing to defied: its courfe towards 
the fame fide of its orbit, produces a contrary cfFeft, 
.namely, as it before occafioned it to converge to 
die ecliptic, fi> it now caufes it to diverge from it, 
and Its motion in confequence tends continually to 
a point in the ecliptic more diftant than it would 
otherwifc have done : the enfuing node in this in^ 
ftancc being alfo brought to'wards the conjunction* 

w As the difturbing forces are very nearly the 
fame in the half of the Moon's orbit, (222, k) 
which is fartheft from the Sun, this laft paragraph 
is true, when it moves in that part of its orbit, if 
the word oppofition be every where inierted inftead 
of the word conjunction. 

X Whence it is eafy to deduce this general rule, that 

when the Moon is in the part of its orbit neareft the 

, ' " Sun, the node towards which it is moving is made 

to move towards tKe conjunction : and. when it is 

in the part of its orbit fartheft from the Sun, the 

node 
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node t6w^ds which it is moving is mack xo move 
towards the oppofition. 

3uppofe the Moon at <^, (fig. 68.) or the qua- y 
drature preceding the conjunftiori,. then the enfuing 
node, if at 90*^ diftance, or at the conjunftion c, will 
be ftationary (226, u) but if it be at a greater or lefs 
diftance, it will be brought towards c (^28,x). Thus, 
if the nodes be in the pofition m n, the enfuing 
node M^ being at a lels diftance from Q^than 90% will 
move towards c, or direft, while the Moon moves 
through the arc <^m ; after which n becomes the 
enfuing node, and likcwife moves towards the con* 
junftion c, or retrograde during the Moon's mo- 
tion through the arc MR. And becaufe the arc 
M R exceeds qja, the retrogradq motion exceeds the 
direct. Again, if the nodes be in the pofition n m, 
the enfuing noden bdng at a greater diftance from 
Qjdian 90**^ will move towards c, or retn)grade, 
during the Moon*s motion through the arc <^n ; 
after which the node m becomes the enfuing node, 
and likewife moves towards the conjunftion c, or 
direft, during the Moon's motion through the arc 
nR. And becaufe the arc qji exceeds NR,'the 
retrograde motion here alfo exceeds the direcV. 
If the nodes be in the quadratures q^r, the enfuing 
node R removes towards c, or retrograde, during 
the Moon's motion through the arc qjr, or almoft 
the whole femi-orbit. The fame may be fhcwn in 
the other half of the orbit r o o^witb. reipedt to the 
oppofition o } and therefore, in every revolution of 
the Moon, the retrograde motion of the nodes ex- 

0^3 cecds 
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z ceods^ ths diceft^ and» on the whaler the nod^^ mt' 
carried round, contrary of the. on&r of the figm. 

A The hhe of the oimjunftioa is* by the Eard^'s 
annual motioo brought into eveiy poflibk fit%iatioii 

vrith refped: to the nodes in the courfe of a years, 
indepcndant of their own^ proper motion i whid^, 
laft occafions the change of Ikuation to be per* 
formed in about nineteen dayi^ lefa. 
M The inclination of the Moon's orbit being die 
angle which its courft makes with the plane of the 
ecliptic, it is evident from whad has been faid, that, 
this angle is ahuoil continually changuig* Sup- 
pofe the line of the nodes, by ks^setEog^ade motional 
to leave the conjunction c, fig* 69* and become m 
the &cond and fourth quarters as ia the pofitk>it 
MN, and the Moon tx> move f^Oiin the iM>de. u toi 
the node n ; then, becauie the en&ing. ty^ m 
m0ves. {z%iy, x) towards, thi^ codjun^ioa c^ while 
the Mooa^is in thei ne^^r half of its orbit^ 
the Moon's couxfe muft be coiHinuatty mote »d; 
more infiedbed towards* the ecltptk,. tUl its zttmei 
atR.^ XhisinfledkiiDn m tJs^firft 90^,<^M^^A.from 
M^ prevents, its diver.giag' fo^ mudir from 1^ eclip^ 
tic a3 it would o^herwife ha^e done h ^^ i& ^ 
i^y, it diminiflies the angje of the Moon'i^ incfiha- 
^»), From A to Br its courfe begins, txx eoatvexge 
towards the ecliptic, and this cc^vergemze: is. inr^ 
omafed by the- infieftion which m the/prcccdiisg 
fp** pcevented its divergence :. in the arc a r* then the 
inclination i& incre^ed. Durii^ tbeMoon's tmtkop 
<r0*5n. K to N,^ tks m^ is moved, towards the,c^« 

pofitioii 
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pofition o, arid confequendy the angle of its courft 
to N is rendered lefs- than it would have been if the 
node has not moved j or, in other words, the in- 
clination is diminifhed. And becaufe the arc M a 
added to the arc n i^ is greater than the arc a r, the 
inclination at the fiibfequent node is lefs than at 
the precedent node; and the fame may be fliewn 
in the other half revolution n qj«. Therefore, c 
while the nodes are moving from the conjunftion 
^nd oppofition to the quadratures, the inclination 
of die Moon*s orbit, on the whole, diminilhes in 
every revolution till they arrive in Ae quadratures, 
at which time it is leaft of all. When the line of d 
the nodes has pafled the quadratures, and is in the 
firft and third quarters, as in the pofition m n, it 
is eafily fhewn by the fame kind of argument, that 
the inclination is increafed while the Moon pafles 
from m to q^', then diminilhes for the remaindct 
of the firfk 90^ or o^a, and is afterwards increafed fbt 
the other 90^ or a nr: and the fame may be prov^ 
for the other half revolution nRm. Confcqu€nt** 1 
ly, while the nodes are moving from the quadra^ 
tores to the conjuhtftion and oppofition, the incli- 

« 

nation is increafed by the fame degrees as it before 
was diauniihed, till they arrive at the conjun6lion 
and oppofition, at which time it returns to its firft 
quantity, being then greateft of all. 

The line of the nodes in the courfe of one en^ f 
tire revolution, with refpeft to the Sun, is twice 
in the quadratures and twice in the conjunction and 
pppofition. Therefore, the inclination of the 
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Moon*s orbit to the ecliptic is diminifhcd and in- 
crcaled by turns, twice in every revolution of the 
nodes, 
G All the irregularities of the Moon's rnotion arc 
a little greater when in thp half of it3 orl^it neareft 
the Sqn, than when it js in the Qtbcr halfj the 
chief rcafon of which is, that the difference be.-^ 
tween the fquares of the Moon's and. Earth's dif. 
tances from the Sun is greater, in proportion to 
the fquares themfelves^ \i\ the former than in the 

* 

latter cafe at equal elongations from the quadi'a^ 
ture, and copfecjuently the difturbing forces muft 
be more confiderable. 

^ Aldiough the Moon in reality revolves about 
fhe common center of gravity between her and 
the Earth, and not about the Earth itfelf, and con^ 
fcqucntly thejr piotions and irregularities are fimi- 
lar, and not confined to the Moon alone ; yet it 
jnay be eafily conceived, that the conclufions arc 
not affcdled in any degree that may be here re- 

. gardcd, when, for the fake of concifenefs, we fup- 
pofe one of the two bodies to be quiefcent, and 
the other to revolve about it. 

I Irregularities of the fame kind take place among 
the primary planets by their rnutual adtions on each 
other, but the quantities are not confiderable. 
Hence the apfides of the planets are found to move 
(224, o) in confequentia, but fo very (lowly, that 
fome have doubted whether they move at all. 

jy The motions of the aphelia of Saturn, Jupiter, M^s, 
the Earth, Venus^j and Mercury, as deduced frQrn the 
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^amparifon of diftant obfervations, arc relpeftive- 
ly, 2° Jo', i^. 43' 20, r 51' 40', r 49 10", 
4* 10, 1° 57 40", in- a century. The aftions a 
of the inferior planets on each other are very mi- 
nute, on account of the fmallnefs of their bulks ; 
but thofe of Jupiter and Saturn are not altogether 
infenlible. When Jupiter is between the Sun and m 
Saturn, itswhple attradlion .a6ts upon Satyrn^ and 
ii^creafes. the gravity, of that planet towards the 
Sun. This is found, by comparing the reipeftiye 
mafles of Jupiter and the Sun, and the relpedlivc 
fquares of their diftances from Saturn, to be equal 
to ^ir of the Sun's aftion upon Saturn. Saturn, n 
on the other hand, at the conjun(3:ion, afts upon 
Jupiter and the Sun in the fame, diredion, apd 
therefore difturbs their relative pofition only fo far 
z& its adtions on each are not equal. The diflSe-* 
rence of thefe aftions is found by the fame prin- 
ciples tQ jbe T-s'^j of Jupiter's whplc gravity^ 
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OF THE FIGURES OF THE PLANETS; THE PRE- 
CESSION OF THE EQUINOXES^ AND THE NOTA- 
TION OF THE BARTH^S AX|S. 

AMafi df fluid matter will, bjr its gravity, 
form itfUf mco a fphcre. For if the wlx^ 
rriafs be conceived to be divided into a mimber of 
fimilar pyranrrids or cohimns, terminatiHg in At 
center of gravity, and one of thefe cohinins be 
longer or higher than the reft, its projedKng part 
Witt Ipread fideways over the other columns^ riB 
the heights are all equal to its own. The feme i» 
true of any other eminences or longer columns. 
Therefore,, when all the fubfidences are effefted, 
and the mafs is at reft, its form will be that of a 
iblid> wliole furface is every where equidiftant from 
its center. And this is the property of a fphere. 

This takes place in a mafs whofe parts pie* 
ferve the fame fituation with refpeft to its center ; 
but if the Iphere be caufed to revolve on its own 
axis, a centrifugal force will be produced that will 
diminifh the gravity of all its parts, except thofc 
which are fituated in the axis of rotation. This 
diminution will be greateft in the equator, becaufe 
the velocity is there greateft, and becaufe the cen- 
trifugal force afts diredbly againft the force of gra- 
vity. And the nearer any parallel of latitude or 
circle of rotation is to one of the poles, the Icfs 
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wQl the gca»rit]r of the parts be aScfbed;. both the 
above mentbned cau&s. bdng lefi. The eqtali^ 
britmi^ befisrer fubfi&mg between the cofiamna ia a» 
Ipihericd figure^ wttt confet^ndy be deffiroycdy 
and. die fame tSSs£t. tnv& take place, as would h^am; 
followed if th^ colutnns at tUe polar regions had 
been lengthened or asrgmented ih mafsbeyond thoftr . 
near the equatorial puts^ that is to £iy^ the columns 
near the. poles will ijpfread over: tfaofe towards thv 
equaiDU^ till the dificience of their lengths com-*' ' 
prafkces for dic difference of their gravitiefiL Thm <l 
tdie fphere, by its> rotation^ wifl be changed intoi 
2i.iblid, whole radii, drawn^ ta the cencer, are Ibn^w 
eft near the equator, and fhorteft towards the pofa^ 
the axis being the fhorteft; of all itg^ diameters. 

By con^tacios grounded on thefe and odier % 
donfideradons, it is fhewn, that bodies at the equa-« 
tor of the Earth lofe more than tt^ part of their 
gravity, and that the equatorial diameter is^ ta the 
axis as !:&ji to 1230, ^^on th^e fiq>pofition that the 
Earth is every where of the fame uniform denfityw 
For what has been faid of^ a fluid mafs will hold 
good of the Earth, fince if it were not of this figure, 
but fpherical, the ocean would overflow the re- - 
gions near the equator, and feave the polar regions 
elevated many miles above the level of the fea. 
©»t experience fliews, that the Iffld is in general 
no more elevated above the fea in one part of the; 
globe than another. 

This, decreafe of gravity towards the eq^uator T 
is remarkably leen ia the naotioa of pendulunot... 

For 
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For a pendulum, which in a higher latitude yi- 
hrates feconds, is found to go flower at the equa- 
tor, and that in a much greater proportion than 
can arife from the lengthening of the rod by hear, 
nay, even in the coldeft parts of the mountains of 
Spanilh America, which. are conftantly covered 
V with fiiow. From the juft mentioned quantity of 
diminution of gravity, it is not difficult to com- 
pute the length of a pendulum (87, v) which Ihail 
* ¥ibrate feconds in a given latitude, and from the 
' agreement of thefe computations wijth experience, 
tfie oblate Ipheroidal figure of the Earth, as alfo 
the diurnal, rotation from which it originates, arc 
\jfOtii confirmed. 
r The fame conclufion has likewife been obtained 
; from -the labours of rtiany ingenious and learned 
men, who have aftually meafured the lengths of 
certain portions of the meridian in different lati- 
tudes, by which it appears, that die degrees are 
Ihbrter towards the equator than nearer the poles. 
Whence it follows, that the meridian is more cur- 
ved near the equator, and lefs near the poles, . or 
in other words, that the Earth is flattened about 
the polar regions, 
w The meafure of a degree of die meridian, be- 
ginning at the equator, was found to be 56750 
French toifes, and the meafure of a degree of the 
.meridian cutting the arftic circle, was found to 
be 57422 French toifes *. 

^' ■ '* See De la Lande's Aftronomie, f 2655, & feq. 'fara 
detail of the principal ehterprizes on this intercfting fubjeft. 
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Thefe merifurations conftitut^ the experimental x 
proof of the Earth's rotation oh its axis 5 for it 
is evident, that a centrifugal force cannot be pro- 
duced but by an abfolute motion : and as the ef- 
feds of this force are obferved in the figure of 
the Earth, and not at all in the heavens, the mo- 
tion of the Earth muil be abfolute and real, and - 
that of the heavens only felative and apparent. 

The planet Jupiter revolves on its axis in left v 
than tfcn hours; a rapidity which much exceeds 
that of the Earth j and its figure difiei-s accord- 
ingly much more from that of a Iphere, its equa- 
torial diameter exceeding its polar diameter, ac- 
cording to the obfervations of aftronomers, as 13 
to 14 (126). 

It has alfo been already noticed, that a fimilar z 
phenomenon is feen in the planet Mars (ia6). 

If a number of fluid bodies revolved about the a 
Earth at equal diftances from its center, they 
would, by the aftion of the Sun^ or any' other 
planet^ be fubjeft to irregularities of the fame 
kind as the Moon has been fhewn to have in its 
^motion ; that is, they would approach nearer, and 
move fwifter at the conjun^on andoppofition than 
at the quadratures (221, u 222, i). And if the b 
nunnber of bodies were {o great as to become cocti- 
guous, and form a fluid ring or circfe, the parts 
©f this ring would be afFefted in the fautie manner. 
If it were inclined to the ecliptic, the nodes would 
be ftsrtionary when in the conjunction or oppof'- 
tion (226, u) an4 be carried in a retrograde direc^ 
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OQB in the ^tfaer ^tvolutieins (229^ i), but molt 
iwiftly vibtn they were fituated in die quadratima 
(aa6>u). Its inclination wouliiWcewiievay in every 
revolution (0.30^ b), .^nd in a ^ace of tioic fbme« 
«RhAt lefs duan a periodicil year would be diminiflied 
«)d iocreafedf by turn/si, twice i(ajo, a. 131^ f). 

c Suppofc this fluid riqg to be ^ die fame ^1^ 
meter as the £ardi> to be iplacdd in a cavity bot- 
lo^ed round the £^th at die ^quator^ and to re- 
^iralve in the iame time md direAion as the Eardi 
does on its axis. Its motion would 4iot then be. 
uoi&rm (2379 b), but at the tonjundion and <^ 
|)oiition fwifter than, the furface o£ the Eartfai 
and flower at the quadratures.; conibquendj^ with 
relpeft to the furface of the Eardi, it would ebb 
flfKi ik>w like a fea. FoTj by reaian of the increafed 
fwiftneis at the conjundion and opypofition, .and 

, the retardation at the quadratures, the fluids be- 
:.tween tfie conjunQion or qppofition and the c»- 
Jdiing quadrature, would fonii a cumulus or .heap, 
mhHe a cosrefpondent defeft would happen in the 
cdier quadrants preceding the -coty unftion and op- 
pofition. 

b If this nng be now fuppofed to be frozen or ^2on • 
^ verted iin^ a folidj the flux and reilux will eeafej 
but the preceflion of the nod^ and the libratory 
tocreafe and decrea£b of ^the inclinadoa will re- 
train (^37^ b), Suppofe the (ring to adhere 10 the 
iiirface of the Earth at the equator, inftead of be- 
ing. Emitted ineo a cavk^ s it will then cixnmci- 
nicote part ol' iu mocion 10 tht Earth, the nodes of 
. - whofc 
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ifth^k ^mim V9'^ recede, but with a pcmdi Howcr ; 
mocion thm tha&of the ring would haye receded^ 
if k ha4 iiot a4her6ci to the £arthi aad the obU* 
quit^ or 4|](gk which the fquator mikes mth the 
ecliptic, wiU be diminiihed and incmafed altemate^ 
ly twice in a year. 

The elevation of the equatorial pants of the £ 
Earth have the fame eflfed: as fuch a ring would 
have} &r the excels of mat-ter in thofe regiotm . 
♦iiippUcs its plaice. 

Afti^momers begin the year in the Spring, irrten f 
^he Son is in that node of the eqimor, or equinoo^^^ 
tial point at which the days begin to lengdiea in 
the northern hemilpherCv Now it is plain (i87),thfirt 
if the cquinoftial points had no motion, the - 
Bardi would compleee one revohidon in its orbit 
in the fame thne that the Sun •employs in ^p%* 
rendy paifing fnom one of the eqxnnoxes, tnd I«a 
turning again to the fame. But, becaisiie «f ifcie 
retrograde motion, the line of the liodes bf'&m 
^uator, or dkuneter df tJie Earth which jciM the ^ 
etqu9i306tial pomts, is brou^ to OMncide agoiA 
wkh dbe line whkh joins i^e ceilteis of tho Svift 
jmd Earth, ix^t Its periodical revolution i^ ooiib» 
flk»i$ and therefore the circle <if the ftafena ^ 
per£;}ft;m4Bd in le^ time' than ^e Earth's levtolutkMl 
m its orbit. The actions both of ^e Stm said a 
Moon on the redundant mati»f in die oquococial 
regions tend to produce fhis motion, which is 
fo . flow, that a complete revolution will not be 
finifhed in lefi than twenty-five thoufand years. 
. . . > Thi^ 
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II This is called the preceflion of the (equinoxes; md 
is the reaibn that the fixed ftars appear so advance: 
in longitude about 50 feconds of meafure in a 
year ; whence it has happened, that fince the time 
of Ptolemy, the zodiacal figures have advanced 
the greateft part of a whole fign : the confteljation 
Aries being fituate in that part of the ecliptic 
which is denominated from Taurus, Taurus in the 

I place of Gemini, &c. The difference between the 
natural year or period of the feafons, and the pe- 
riodical year, or time of the Earth's revolution in 
its orbit, is 26™ 34i'; for the natural year confifts 
of 36 5** 5* 48' 45 i", and the periodical year of 
365^*6'^ 15 20'. 

K The fideral year, or time employed by the Sun 
in returning to the fame apparent pofition with re- 
Spe& to a fixed ftar, is 36 5** 6** 9? i i^'V The difference 
between die periodical and iideral year is occa- 
Goped by the motion of the apfis of the Earth's 
prbit (216, k)« 

Jio The Bbratory variation of the inclination of the 
equator to the ecliptic is termed the nutation of 
^ Earth's axis. The theory of attraftion had 
ascertained its exiftence, long before aflronomical 
obfervations were brought to a fufEcient degree of 
|)Crfe6tion to render it fenfible. Its whole cffedk 
^arcely amounts to x8 feconds* It was firfl: ob^ 
kmd by Dn Bradley*. . . 
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THOUGH the caufe of the tldei may. be m 
colledl^ from what was faid in the laft chap- 
ter ; yct^ as it is the only pbvious inllancc we have 
of the mutual gravitation of the coeleftiaj bodies, it 
will be proper to give a more particular explana- 
.tion of it. 

If the Earth were every where covered with a m 
deep fca, it is plain, from the reafons before re- 
cited (238, c), that the water would not^ in the- 
diurnal rotation, move with the feme uniform, ve- 
locity as the Earth. For, if the apparent diurnal 
revolution of the Moon be called a lunar day, and 
be divided into twenty-four equal parts or hours, 
,the water fituated near the meridian over which the 
Moon; at any time is, will move fwifter, and the 
water fituated near the, meridian fix hours to the 
eaftward or weftward, • wiH move flower: becaufe 
the water on each parallel of latitude may be 
conceived to be a fluid ring, and will be afFefted 
by the diflurbing force nearly in proportion to 
its diameter. The fea, then, being accelerated 
at the meridian upon which the. Moon is, and 
retarded at the meridian, that is 90° or 6 hours 
to the eaflward, will be accumulated between the 
two places 5 its greatefl: height being, at the half 
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diftancc, or meridian which the Moon has paffcd 
three hours. And on the other hand, the retarda- 
tion at the quadcature to (he yfelbrard, preventing 
the water from flowing as fail as the acceleration » 
at the meridian at which the Moon is, carries it 
away, the fea muft of courfc be deprefled between 
the two places, its greateft depreffion being at the 
half diftance, or meridian at which the Moon will 
arrive in three hours. A fimilar accumulation and 
diminution will happen at the places which arc 
diametrically oppbfite to thole here defcribed, 

o though not altogether fo great (232, o). The 
dilbirbing force of die Sun will aft in a like man- 
ner, but lefs ftrongly ; fix*, though die Moon's at- 
tractive force be vailly kfs than that of the Sun, 
yet, becauie its cfiftanoe in comparifbn to that of 
the Sun from the Earth is very finall, the forces 
with which it afts on different parts of the Earth 
will vary more confiderably from parallelifm jukI 
equality ; * and the irregularities in any fyftera, 
which arife from die adtions of forces frcJm widi- 
out, are occafioned (79, w), not by^ the whole ac- 
tions of the forces, but only by their differences ir 
quantity, pr want of paralleUfm ih direftion. 

p Thusr, it is evident, that the fea, as far as cir- 
cumftances allow> muft in every place be raifed 
to its greateft and Icaft height, altern^dy twice in 
each lunar day. Being elevated once at three lunar 
hours after the Moon has pafied the meridian rf 
the place, and once at twelve hours aftcr,^ or three 
hours after the Moon has paflcd the oippofitc pai?t 
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o^ the fame meridian; and at fix hours after each 
of thefe^ elevations ks greateft depreffions follow. 
This appears by the tidei in- the Atlantic ocean on q 
the weftern toafts of Europe smd Africa, and in the 
Pacific ocean on the open- coafts of Afia and Anie- 
rica, where high- water aMirays happens about the 
third hour after the Moori: has paffed the meridian, 
except where the moiibn of the fea is fomcwhat 
impeded by ftats or Ihoah. 

The efFefts of the difturbing forces of the Sun r 
and Moon are not feen diftinftly, but compound- 
ing with each other fat)duce a motion which is dif- 
ferent from what would have arifen from the fingle 
a£Hon of either luminary • At the time of the conjunc- s 
tion or oppofition their efiefts are united, and the 
tides are greateft, being what are called Spring- 
tides. When the Moon is in the quadrature, the. T 
Sun^s aftion raifes the water where the aftion oif ' 
the Moon depreflfes it, and depreffes it where the 
aAion of die Moon rmfes it : from the diflference 
of their aftions therefore arifcs the leaft, or, as they* 
are called. Neap-tides. And, becaufe the aftion v 
of the Moon exceeds- that of die Sun, high-water 
follows neareft the third lunar hour. At othier times v 
hi^-water arifing froto the lunar force would hap- 
pen on the third lunar hour, and that which arifen 
from the Sun's force on the third folar hour; but 
the forces being compounded, produce a tide which 
hj^ipens at fome intermediate time, though always, 
on account of the greater force, neareft to the third 
lunar hour. Confequently, when the third folar w 

R 2 hour 
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hour precedes the third hinar. houTj as^ is the cafe 
while the Moon is in the &dft and third quarters^ 
high*water happens foon«r than the third lunar 
hour^ and the contrary happens when the third 
lunar hour precedes the third (olar hourj as in the 

X fecond and fourth quarters. It is to be noted* that 
no diilih£tion is here made between the hour of the 
Sun or Moon!s palling the meridian above the 
horizon, or beneath it; the effed being nearly the 
fame with relped to the tides. 

V The effefts of the difturbing forces of the 5un 
and Moon depend likewife upon their relpedive 
diftances from the Earth. For thefe effeds arc 

z greater at lels diftances. And therefore in winter, 

when the Earth is in its perihelium, the Sun being 

nearer, caufcs the fpring- tides to be Ibmewhat 

.. greater and the neap-tides ibmewhat lels, than. in 

A the fummer i and the Moon being each month in 
its perigeum, does then, in like circumftances^ 

jB caufe greater tides than at other times j whence 

• it happens, that if a great Ipring-tide happens 

- when the Moon is in its perigeiMn, the next Ipring- 

tide will be Icfs, becaufe the Moon will be then 

. in its apogeum, or greateft diftance. 

c . The tides vary likewife in confequence of the 

D varying declinations of the Sun and Moon. For 

* if either of thele . luminaries were fuppofed to be 
at the pok, it would peither accelerate nor retard 
the diurnal rotation of the water, hut would oc- 

* cafion a conftant elevation at thp poles, by. di- 
niiniihing the effeft of gravity there, and a con- 

* ftant 
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ftant dtpreffioii' at the equator, from an oppofite 
caufe(2i9, c. mo, e). Therefore, no alternate 
rife and fdl of the water, or tide, would be produced, ' 
Confequendy, as the Sun and Moon decline -to- s 
wards the pole, they gradually lofe their effefts, 
and. the tides, become left confiderable. When the f 
Sun is in the equator, and the Moon at thetropic> 
or its greatefl: declination, the tides are left than 
when the Moon is at the equ2^tor, and tJie Sun in 
the tropic : becaufe in the firft cafe the Sun*s in- 
fluence is the greateft poffible, and the Moon's 
leafti and in the latter the Moon's influence is the 
greateft poffible, and the Sun's leaft: and as the 
tides depend more upon the Moon's influence than 
that of the Sun, they are greateft when its aftion 
i$ greateft* When die S\xn and Moon are both g 
in the equator, the fpring-tidcs are the greateft of 
any* However, becaufe the Earth is nearer the h 
Sun in winter dian in fummer, the greateft au- 
tunnnal Ipring-tides are generally later than the 
equinox s and the greateft vernal Ipring-tides arc 
generally before the equinox. 

When the Moon declines either to the north- i 
'ward or fouthward irf* the equator, one of the great- 
eft elevations of the water follows the Moon, and 
defcribes nearly the fame parallel of latitude as 
the Moon, by the diurnal motion, apparently de-^ 
fcribes ^ and the other greateft elevation being 
diarpetrically oppofite, muft, of courfe, defcribe a 
parall^ of kdtude at an equal diftance on the 
©thef fide of the equator. Th^ greattift eleyatioii, 

r R-3 , which 
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iv^ich moives onlthe fame fide of the fiquttor indt 
A ^iven place;, ?wiil come ofetrcr to it th&niihe op-- 
K ^ite ekraation ; and therefeoic wfaeh khe Mbitts 
decliiMis towards the £uw fide of the isp»rKr, -Hk 
that on ^hich the given place k (iixiaaed; die ijbtf^ 
tidesj or tid^ which bappeo «xme the Mmh it 
above the horizon* wiU ht gFeaxA^ saA lik ftiigte- 
tidea^ or tho& Which happm whik the ttfoan it 
Ipeneath die horizon, m^l te leaft* AnSd tlie don^ 
traiy happens when the Moon decHodb to .tkex>tiKr 

{. fide of ttiue equator* Thua^ the cleTakioa arin^* 
w^tcr 18 alternately giteateraiKiJdi; andAe diSe. 
i^nce is greateft when tfaie Sun sAd Mocm iMii 
deiipribe the fame tropic^ becauie the bppofite db« 
vations th^ defcribe the tro^^ f^idk are the 
fyrthc& from each other of iny tiro .^araBd circlcf 
|the]r can pofllbly cfefcribe, Thi^ di&i£Oiie is 
found to be about a fiipt at Plynwrth> ahd fifteen 
iache5 4t Briftol, • 

M If the a^SJons of the Smi luhS Maoiil ^^i^ ^ 
fj^ at oi^cC:, die tid^ would t^t infinoedia^jr ceafi^ 
but would continue for fome tosm by the undu- 
biti^g motion of the water. Tjais tmdiiUtion iWuld 
be greater, if the aftions were to ceafc ait the time 

N pf a jgrcat tide than at the time of it leis; and there- 
fore iefs tides, which fucc«d ^'^atcr, arc niatt iA- 
creafed by it than greatej- tides which fuceedd left; 
confequently the difference between the odes is ren- 

deied Iefs than it would othcrwife iiave been, aftd 

I. * 

the greateft ,§wing a^d neapr tides do not ixippen 
jpreci&ty $i the cor^Ufndion or Qppi:^fition, :and qba^ 
tiraivres, but two pr three tides later. 

I If 
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If the ff^eztdk pfot]^m0n and retardatloit df the 9 
diurnal motion £244, n) xuuinot fubfift in the fam^ 
fea at. the fame tirae, the accumtilation or dcf^d: 
muft confequendy be lefsj that is to fay, if one of 
the ihores or coafts of apy fea be left than rrinety 
dpgr^s tq the eaftward or weftward of the other, • 
and die eaftern coaft,. for inflance^ be inimediately 
under the JN^oon^ the acceleration willj by caufing 
the, water to rile,, occa&m a de^ or fall to th^ 
^eftward, becaufe the Tieftern p*ts, bftilig retarded^ 
dono^foUcrw with ar velocity fiafficient to fupply 
IRfhat is c^ridd to the eiftward by the acceleration: 
a^ tj^ gre^r this retardataoh the greater dte dcfe^ 
or fall. But fmce by the fuppofition the wcftern fhore 
is not 90 dei^ees diftant, tbfe retardation is not there 
&> great as it would have been had the iea been wid^ 1 
and therefore the fall in that fea h not fo ffreatu 
Ey a like argument it appears^ that when the Moon 
i^ at the meridian of the weftern cqaft tbt elevation ^ 
is lefs^ if the fea be lefs than ninety degrees from eaft 
to weft. . Hence in finall inland feas the ddes are p 
inconiiderable $ and for this caufe^ in the Atlantic 
ocean the tides do hot rife fo high betmeh the tro-^ 
pics as they dp farther to the north or fouth> die fe^ 
being narrower between America and Africa in the 
lower than in the higher latitudes. From hence^ <t, 
alfo follows the reaibn why the tides are fo fmall a^ 
they are found to be arthe iflands of St. Helena ami 
Afcenfion> which lie in the middle of that fea ; for; 
lince the water cannot rife on the one Ihore but bf 
/ailing at the other, it muft conunue at a iiieaq^ 

height at thefe intermediate diftant iflands* 
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% This theory of the tides is perfedly conferttanc- 
oiis to experience in the open- and deep oceans; 
and in the 4eflfer leas, as has been obferved, the tides 
are very (mail. • But, when thofe IcTs feas have 
afreecommunicsltion with the ocean, the tide flows 
into them in a kind of wavei which on»its< arrival at 

s any place caufes high-water. Thus it h *high- 
water in the oc€an to the wcftward of Englsmd and 
Ireland at the third lunar hdurj after which it be* 
gins to fubfide. This fubfidencd- muft, of courlei 
raife the water ro4md about, whence a flood begms 
to enter the Engliih chtonel'at abdut thefixthhotrr> 
its courfe being retarded by the fhallownefs of the 
water. Another flood enters the Gentian fea to the 
northward, near the Orkney iflands, and proceeds 
to the* fouthward. As thefe Aotxis proceed* on their 
refpeftive cpurfes, it is high-^water fucceflivcly at 
feVery place on the coafls at which they arrive, and 
when the wave has pafled any place the water be- 

t girts there to fubfide. For example ; it is high- 
' water at Plymouth about the fixth hour, m. -the Ifle 
of Wight about the ninth hour, and at London- 
bridge about the -fifteenth hour after the Moon has 
pafltd the meridian, and caufed the tide in queftion. 
Therefore, when it is high-* water at Plymouth the 

> Water out. at fea has half fubfided; when it is 
high-water at the Ifle of Wight it is low- water out 
at fea j and when it is high- water at London-bridge 
it is lowwwatcr at the Ifle of Wight, and a fecond 
flood or elevation has already come to its height out 
at foa. 

^-•' • ' - - There 
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* Thefe arc 'fituadons where the tide may be car- u 
ried tf> the fkne port by different paiTages or chan^* 
jtiels, and may pafe* quicker through one pafiage 
than another: in which' cafe, the fame tide, arriv- 
ing at different times through the different paffages, 
muft occafion a variety of phenomena* Suppofr v 
tWo equal tides to arrive at thie fame port from dif-' 
ferent places i* the one 'at the third, and the other at 
the ninth hour after the Moon has pafled the men* 
dian ; the firft tide therefore preceding the latter by 
fix hours i and fuppofe the Moon to be at the equa- 
tor : dien, every fix hours a tide will arrive, which> 
flowing in at the fame time as^ the preceding equal 
tide ebbs out, will caufe the water to continue at 
riie lame height^ and thus it ivill neither rile nor fall 
during the whble day. But, if die Moon decline 
from the equator, the tides in the ocean will be 
alternately greater and lef^, as has been oblerved y 
and therefore there will arrive at this port, alter- 
nately, two greater floods proceeding fi^om the 
greater tide in the ocean, and two lefs floods pro- 
ceeding from the lefler tide in* the ocean. At the 
mean or intermediate time between the arrivals of 
the two greater tides, the watSr will then be higheftj^' 
between a greater and a lefs tide it will be at a 
mean height ; and loweft of all at the middle time- 
between the arrivals of the two lefs tides* , Bythele- 
means, in the Ipace of twenty-four hours, the fea^ 
will rife to its greateft, and fall to its leaft height 
but once, inftead of twice, as in general it does in 
other places ; and if the Moon decline towards the 

fame 
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^ iame fide of the equator^ as that on which the port 
13 fituatedy the two greater tides will arrive at the 
^rd.and ninth hours^ and the greateft elevation 
wjU be at the fixth hour^ or at about the fetting 
ci the Moon: the leafl: elevation will confer 
quendy happen between the. two leaft tidesj at the 
eighteenth hour, or about the ridng of the Mopa* 
And the fame efiefbs will take place when the 
Moon declines to the contrary Ade of the equator^ 
but with this difFerence^ that whereas high and low 
Wiater happened then xeipedively at the fetting and 
rifing of the Moon, they will in the preient cafe 
happen reipedivefy at the nfing and fetting of the 
Moon, 
w A remarkable inftance of all thefe particulars is 
adduced by Dr. Halley, in thepojt of BatUia^ jn 
the jiingdom of Tonquin^ which lies in 20^ 50' 
north latitude. There^ on the day oh which the 
Moon paiies the equator^ the water ftagnates $ after- 
wards, on the Moon's declining to the northward, 
it bc^g^ to ebb and flow ; not twice in the day, as 
in other ports, but once only ; and high-water 
haj^ns at the fetting, and low-water af the riUng 
of the Moon. The tides increafc with the Moon's 
declination for feven or eight days ; after which, for 
the next feven days, they decreafe by the fame gr^^ 
d|w:ion as they before increafed, till the Moon's 
9|iival again at the equator, when they ceafe» and 
iq>on its changing its declination are reverfed. For 
while its declination becomes foutherly, low- water 
happens at the fetting, and high-water at the rifing, 

of 
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of the Moon ; which continues till its declination 
again changes. Now it appears, that the tide muft 
(tome to this port by two inlets or pafiages ; one be- 
tween the continent of China and the ifland Luco* 
nia, communicating with the Chinefe ocean, and the 
other between the ifland of Bomep and the conti^ 
nent. But whether the tide arriving from the Indian 
ocean, after a courfc of twelve hours, and from the 
Chinefe ocean after a courie of fix, and thence hap- 
, pening on the third and ninth lunar hours, be the 
paufe of thefe appearances j or whether fome other 
circumftances may not be concerned in producing 
the cffeft, muft be determined by obfervations on 
(be neighbouring cpafts. 
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S E C T. I. 

Of Light. 

C H A ?• I. 

COUCZKUlUG THE MOTION OF LIGHT. 

IN the former part of this Treatiie.our attention x 
has been employed in cottfidering fuch effeds as 
arife from the aiotions and mutual adions of ix)diesy 
of magnitude fufficient to become the obje£bs of 
our fenies. It may be eafily feen^ that phenomena 
of this kind are but few compared with the very 
g^eat number of operations which arife from the 
anions of bodies too minute to be determined but 
by dedudtions or mferences made from their effefts. 
We have contemplated the great outline of the uni* 
verfe, and its vaftnefs cannot but excite the aftonifh* 
roent of creatures who are deftined at prefent to 
occupy an exceedingly fmall part of it. As we pro-^ 
ceed to examine that fmall part^ we ihall develope a 
icene of another kind^ whichj though expanded 
through a lefs portion of ipace^ is equally immenle 
and unlimited with regard to the field it affords for 
admiration and perpetual difcovery. 

The fuccefs of every enquiry depends in no fmall r* 
degree on the order employed in the fcveral re- 

1 fearches 
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fearches to be made. It i^obvious, that the pm* 
bability of error is greater the more complicated the 
fubjeA 5 . wlpice the ^eceQi^ of iirft examining the 
moft fimpic, and thence proceeding to more com- 
pounded objedb, is evident*. This principle leads 
vs, in our confidefation of the particular properties 
of various bodies^ to attend iirft to thofe of light. 
z It is generally agreed, that light confifts of fmall 
bodies or particles, pcpjefted ^ith great velocity in 
all direiftiQn^ from the Juminpus pr radiant body. 
No folid objeftions have been made to this hypo- 
■ thcfis, irfiich appears to be more fimplethan any 
odter, and h peife6Hy confiftent witfe all thi6 jAe- 

nomena yet obferved ; and thefe arc fo many ^and 

► . ' ' ' *, « ^ ' ». 

fo various as to leave very little doubt of its truth. 

A The velocity of light was flrft determfaied by 
Monf. Romcr, from obfervations on Juptcr's 
Moons (14a, w) and the mcaliire deduced' from 
his obftirations was afterwards confirmed and cfta- 
blifhed by the difcovery of the aberration of the 
fi!lced ftars. The principles on which diis dtfco- 
very is founded may be familiarly explained as fol- 
lows *. 

B Suppofe a tube to be ercftcd perpendicular to 
the horizon, at a time when it rarris, the drops 
falKng perpendicularly down, and foppofe the 
diameter of the tube to be fuch as to admit but 
one drop at a time : then it is plain, that if a 

, f The origiBai accoimt of tjiis difcovery jnay. he fecn ia a 
j>a|^r l}y its inv«n(or Dr. Brajcjley, znfertcd in the Ph4ofo- 
phicdi Tranfa<flions for the year 17 iS, No. 406. 
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drop of water enrtr the orifice of ^ the tube it will 
fid! to the bottom without touchitig its fides. But 
if the tube, without altering its jpcrpcndicularitf, 
be movfed along in the" direftion of the hbrizon, 
any drop that enters will ftrike againft one of ki 
fides, and none will pafs clear flirough while the rtio- 
tion continues, unlefs the upper end of the tube be 
alfe' inclined towards the p^ to which its motion 
is direfted. 

Thus, if AB (fig- 70) reprefent the horizon, c.q c 
the perpendicular tube, and o d the courfe of a drpp . 
of rain : then, if c D be moved towards a, whifc 
the drop is falling within the tube, it is evident that 
the inner furface of the tube, which is fituated to- 
wards B, will be carried againft the drop, and pre- 
vent its arriving at the bottom without touching. 
Sut if the inclined tube e c be moved with a fimi- 
lar motion to that of the drop from e to d, in the 
time that the drop moves from c to d, the lower 
orifice of the tube and the drop will be found at d 
at the fame inftant; and the velocity of the drop 
will be expreiTed by c d, and that of the tube by 

The ianne reafoning holds good, if inftead of d 
drops of rain we fuppofe particles of light, and a 
tdcfcope inftead of a tube. For to an obferver, 
nrfio through the tube c d views the vaftly diftant 
objeft G, if the motion of light be inftantaneous, 
or infinitely fwift, no finite motion of c d, its pofi- 
tion being unaltered, can prevent its being vifibjcj 
fincc, by the fuppofition, the light which enifers at 

c will 
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c will arrive at d before c d can have moved at $1L 
But if light be propagated in time^ and the oUerver 
be carried by a motion iimilar, as to acceleration, 
to that of light, the tube mult .be. inclined to the 
rasy in an angle, whofe fine is to the fine of c £ d, 
or the angle the tube makes with the line of the 
obferver's motion, as the velocity, of the obfcrvcr 
is to the velocity of light. For in the triai^le dce, 
the fides d e and d c, which exprefs thcfe vdocj* 
ties, are as the fines of their oppofite angles. Hence 
if the angle of the inclination of the tube to die ray 
of light, together with the velocity and diredtioh ©f 
the obferver^s motion be known, the velocity of 
light may be determined, 

1 By this theory, which is eftablilhed by a great 
number of obfervations on fl:ars of different mag- 
nitudes and fituatbns, it appears, that the fixis^ 
apparent motion the fixed ftars have about their 
real places, which is called their Aberration^ 
arifes from the proportion which the velocity of 
the Earth's motion in her orbit bears to that of 

f light* This prpportion is found to be as loaio 
to I : fi-om whence it follows, that light moves ot 
is, propagated as far as from the Sun to the Earth 
G in 8' 1 2'\ And it likSwife appears, that the velo- 
city of light is. uniform, and the fame, whether 
original, as from the ftars, or reflefted, as from the 
fatellites of Jupiter (140, w.) 

H The velocity of light being known, an efl:i- 
mate might be made of the magnitude of its par- 
tides, if we were in poffeffion of good obferva- 
tions 
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tions df the cffefts of their mQmentuin* For i 
exacnpkj it is .found, that a ball from .a carnioa 
at its firft difcharge flies with a velocity of about a 
mile in * eight fccondsi and would, therfefore arrive 
at the Sun in thirty^-two years^ fi^pofing it tomove 
with unremitted velocity. And lights as wal before, 
obierved> moves through that fpace in about/ieight- 
minutes, which is two million times, as f^.. . But . 
i^e force with which bodies move are as dieir maffes . r 
miilctplied by their velocities (19, l) ; and. confer k^ 
quently^if the particles of light were .equal in mafs to 
tke' two millionth part of a. grain of iand, we ihouid 
be nb . more able to endure their impulfe than that 
of fand. fliot point blank froin the mouth of a can^. 
non^^ii 

•jRrom fcveral experiments f* that wclLdeferve l 
^p be repeated, in which the Sun's rays were 
dirowrt, much condenfedj upon a very light Icverj 
fufpended fo as to be removeable horizontally, it 
appears that the momentum of light is great enough . 
to be nsndered fenfible by the velocity it communi* 
cates to bodies by its impuUe. 

'The rarity of light is not lefs a matter of wonder m 
at the firft confideration, than its velocity ahd the 
tniriutenefs of its particles. . For its rays crofs each 
other m all direftions without the leaft apparent 
difturbance. We can eafily'fee through a fm^all 

• This varies according to the chargd of poWdcr and'othtfr 
ttrcumftances. 

t By Mr. Michclh Sec Prieftlcy!« Optics, 5*387, 
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hole, nM exceeding the t^ part of aa inch. At 
objefts^ as theikf, trees, houies, &c. which occupy 
almc^ aiV entire hemifphene. The light proceol*^ 
ilig from all theie objeds^muft therefore pafs at the 
fame tkM ilipough the hole in a very great variety 
of direttions before they arrive at ihe eye $ yet it 
ioes not ^pear that vifioa is in the ieaft difturbcd 
^ that means* 

This is, hovt€fWtr es^Iaiood without difficultf 
fiom a well-known circoaiftance rebthre to the 
^gans of vifion* For the action of Ught produoet 
an^eflfed on the eye that is not infhuitaiieoitt bilb 
lails a confidqable time. Suppofe the lefieft di 
light on the eye to contimie widsoitt ienfible dkni-* 
nution> after the light has ceafed to aft, for the vitr 
part of a iecond> and it wiU foUow that. a iUc*- 
ceffion of particles of light arriving at. the eyc^ bf 
equal intervals^ to the niunber of thn^ hundred io 
a fecond, will be fufficienti tio exdte a confttot 
and uniform fenfation of Ae prefcnce of iig^* 
And fince the velocity of 4ight i^ fuch that it p9&t 
through about one hunrdied an^ lewmy thouftnd 
geographical miles in a fecond (140, w); this 
fpace divided by 300, will give nearly 570 mika 
for the diftance between each of the ahove^^men^ 
jtioned fucceffive. particles. It is not therefore to 
be wondered, that the particles of light do not 
interrupt each othci^ when we attend to their ex- 
treme minutenefs (257, k), and the very great 
diftance at which they may follow each other witht- 
out preventing the conftancy of their cffcQt. 

rim 
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Tfiatthc efFeftdf light on the efe remains for a o 
dme is evinced from fcveral obfervations. W^ 
are tonttnually ihuttirig 6ur eyes, or winking, and 
Ihould on thofe occaffions lofe fight of* ail the lur- 
rounding objeft^, if the efFeft of their light did 
hot continue durihg the time the eye is (hut. 
Again, if a fl5ck, oir any other objeft, ht whirled 
rtund in a circle, there is a certain velocity beyond 
which the objed will fill the whole circle. Thi^ 
exprerlftnent is vidgarly 'made with a lighted fire-, 
brand, arid obvioufly' fhcws that the itrrpreffion, 
made on the eye by the light of the firebrand, 
when in any given point of the circJe, is foffid- 
ently lafting 'to remain- titl the firebrand has de^' 
fcribed the whole cirde, and again renews its effeft, 
which is by diat means rendered * continual and 
uniftMTn. Every one muft have been fenfible of 
the ftrong and lafting impreflloii the Sun's di- 
rtdt light makes lipdntht eye; and irtpreffions of 
theTame kind from othet objcfti, "though weakery 
are much lefs fo than is getierdly imagined. 

With relpeft to the duration of the impreffions p 
of light, it has been obfeiVcd, that the teeth of % 
cog-wheel in a clock* w^e flilFyiTible in fuc- 
cefllon when the velocity of rotation "brougJit Q.4& 
teeth through a given fixed point in a fecond. In 
this Cafe it is clear, that if the imprefllon made on 
the eye t)y the li^t rcflefted from any tooth, had 
larted without fchfibre ^iminutbn for th^ i246t|i 
part of a fecond, the teeth would have formed one 

• Watfl>n on Time- 

S 2 unbroken 



z6o LASTIKG IMPRESSIOK* or LIGHT. 

unbroken line^ becaufe a new tooth would hare 
continually arrived in the place of the anterior one 
before its image could haye difappcarcd. If a live 
coal be whirled rounds it is obfejrvedf, tlj^t the 

• • • « 

luminous circle is complete when the rotation is 
performed in A €jf a fbcond. In this inft^ce y[c 
fee that the imprefllon was much morc^- durables 
than the fonner. \ LafUy, if an obferver fitting, in 
a room direft his fight through a window> ; to^ any, 
particular objefl: out of doors^, for about half a 
minute, and then fliut his eyes, and coyer them, 
with his hands, he will fl:ill continue- to fee die 
window, together with- the oudine of the terrcftrial 
objefts bordering on the fky. This appearance 
will remain for near a minute, though pccafionally 
yaniftiing and changing color, in a manner that 
brevity forbids our minutely defcribing. From 
thefe fafts we are authorized, to conclude, that all 
Imprefltons of light on the eye lafi: a confider- 
able time ; that the brighteft objeds make the 
moft lafting impreflions ; and that, if the . objeft 

r be very bright, or the eye weak, the impreflion 
may remain for a time fo fl:rong, as to mix with 
and confufe the . fubfequent itmpreflions niade by 
Other objeds'. In the lail cafe the eye is faid to 

' be dazzled by the light. 

Q^. The Q>ace through which light paflTcs is called 
n medium ; by which term reference is had to thfc 
quantity or denfity of the matter contained in th« 
*. ' ' ' 

' f By M, D*Arcy. See Mem. de I'Acad. dcs Sciences, 
1765 ; or Pricftley's Optics, p, 634. 

fpace: 



OPTICAL DEFi^nrioNs. a6i 

fpace : thus, glafe and air are mcdivmis, but a va- 
cuum, or Ipacc abfolutcly void, is a medium alio. 

When light pafles through mediums, cither ab- R 
folutely void, or containing matter, of an uniforai 
denfity, and of the fame kind, it always is found 
to proceed in ftraight lines. Whence it follows, 
th^t the rarity of light increafcs as the Iquare c£ 
die diftancc from the radiant body. For the light 
which falls on the fquarc abcd, (fig. 71.) from 
the point r, at the diftance r a, will be Ipread over 
a furface, abed, four times as large at twice the 
diftance, orRa, 



C H A P, 11. 

OPTICAL DEFINITIONS AND PRINCIPLES^ 

WHEN a ray of light pafles out of one s 
medium into another, and is bent out of 
its courfe at their common furface, this bending is - 
called rcfraftion. 

When a ray of light proceeds to the common t 
furface of two mediums, and inftead of pafling 
from the one into the other, is turned bade into 
the firft, this turning back is called refle&ion» 
' The angle of incidence is.the acute angle which v 
the line defcribed by the ray rf light makes with 
a line drawn, perpendicular to the. fur^tc^ at the - 
point of incidence. 

The angle of refleftion or refraftion is the acute v 
anjgle, whi^h the line defcribed by the ray of light 

S 3 after 
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^fcer reilc<5tioix or lefradbion makes with the per- 
pendicular to the fur&ce at the point of incidence* 

w Thu$9 1^^ ^^ repreient the common furface of 
two mediums, ac (fig. 7 a.) a ray of light inci- 
.deiit at Q, and po^a line interieding the furface 
at right imgles at c; then the angle acjp is the 
angle of ioddence. If it be refleded at Cj fb as 
to return in the line cm, then, the angle pcb is 
the angle of refledion : and jif it he refrained at c, 
io as to proceed in the line cF| the angle 9j:.f is 
the angle of jcefradlion. 

z The angles of incidence, refleftion, and refrac- 
tion lie in one and the fame plane. 

y The angle of refleftion is equal to the angle of 
incidence. 

z If the refrafted ray be returned direftly back 
to the point of incidence, it Ihall be refraded into 
the line which was before defcribed by the incident 

ray. 

A The rcfraftive powers of different rnediunis arc 
nearly as their denfities ; that is to. fay, if a ray of 
light p^fs out of a rarer into a denfer medium, it 
will in general be refraded towards the perpendii- 
tular, fo that tjie angle of rcfradion will be left 
than tlie angle of incidence. And the contrary 
y||l happen if ^e ray pais out of a denfer into a 
fgrer ra^diwna (26a, z)* 

i The .fine of the angle of incidence is either ac^ 
euiately or rcry nearly in a given rado to the 
fiM of the aDgle of refradion, in all obliquiues of 
tkc incident ray. 

All 



AKD PRINCIPLES* 1^3 

All olgeAs fecn by refictSHon or re&aSion ap- c 
{sear in that place or dire&ion/ from whence or in 
which the -rays were laft icftefted or rcfradted to 
the eye. 

Thus, if the ray AC (fig. 72.) proceed from an o 
objeift: ^ A to G, and be thence reflected to the 
«ye of a fpcAator at B) die objed will be feen not 
-at A but at T, in die dire^on of due rcflefted 
f ay B c* And if the ray f c proceed from an ob- 
je£t at F, and be refraded into the direftion c a 
to the eye of a fpeftator a? a, the objeft will be 
feen not at.F but at n, in the direftion of the re- 
frafted ray ac. 

On this account it is that objeds are feen in i 

fWrrors or lo^kiQgrgUflieii) and that <^je^ feen 

inder water appear out ^rf" their true places. Ijct 

A BCD (fig. 73.) reprefent a veflel containing wa^ 

'ter» </hofe furfaice. is fo, and let o reprdent an 

objed at the bottom. Then, to an eye at £ the 

ckg&Eko will be feen at k, tq^ means of the ray o t, 

wi|idi paffiag frcan a denfer to a rarer medium 

{062, a), is refraded from the perpendicular pq. 

into the dire&ion lz. O let a eg d (fig. 74;) 

teprdent a veflel fo pla^ with refpeft to the 

candle £, that the fhadow of the fide a c may fall 

at D. Si^poie it now filled with water^ and; the 

Ihadow will withdraw to d, the ray of lig^t s a, 

linflead of proceeding to D^ being rdrad^ to d. 

And diere is no doubt but that tti eye placed at 

d would &e the candle at ^ itKlkt 4kt6^ of itkt 

lefradediay dA. 

S ♦ The 



464 VARIOUS REFRANGIBILITY 

The foregoing principles are founded <m expcri« 
ment or obfervarion, and the madiematical appl}:. 
cation of them to the rays of ligh( which pafs 
through glaffes, or are reflefted from mirrors of 
various figures^ conftitutes that branch of the fci- 
ence ' of optics which teaches the conftruflion of 
inftruments. But it will be proper to avoid the 
explanation of theie for the prefent^ ' till an ac- 
count has been given of the vari<n}s reflexibility, 
refrangibility, and colofjirs of light. 



CHAP. III. 

OF THB VARIOUS R£(RAKGIBILITY OF THE RAYSL 

OF LIGHT. 



o TIGHTS which differ in colour differ alfg h 

A-/ refrangibility, . and the contrary. 

H, L^t AB (fig. 75.) reprefent a w«lgc or trian^ 

• gular prifin of glafs, then the triangle a bc (fig. 76,) 

may be conceived to be a fe&ion of the fame, at 

right angles to its axis. Suppofc j n to be a ray 

of light ipcident at n, and thence refracted to ?> 

.on the furface cb, where it is again refi:afted into 

: thc.direftion em ; fuppofe in to be anojdier ray 

, parallel to the former, and confequeiitly incident 

at n, with the fame apgle. Now, if the ray in 

ha,ve:exa<ftly the fame capability or difpofifion to 

:be »£hifSted^ by- the. prifm, as the ray jn, the 

angles of refra£tion will alfo be equal, and i.n 

. "^ ' will^ 



l^iUi .Vhftif' rcfrafted iittOithc?fdireaions-ne ai)4 
cm, fliiH continue patafllel- to the- ray. j^N^-wlridi 
is refraded into n e - and em.: But if it- b^ more 
refrangibk'it will be refrafted into dirdStions, as 
nfandfg, verging more towards the bale a c, or, 
if lefs refrangible, it will be refrained - into . direc- 
tions, as n h and h k, that verge lefs towards the 
bale AC. Whence it appears, that if a pencil or 
coUeftion of rays fall parallel to each other on one 
of the fides of a prifm, an4 do not proceed pa- 
rallel to each other on their emergence, it muft be 
becaufe fome of the rays are more refrangible than 
others. * 

Let the fpace contained between lo and mr j 
(fig. 7*^.) reprefent a darkened chamber, of which 
thofe lines reprefent the fides. Let j n rcprefent a 
pencil of light from, the Sun, pafling through the ' 
hole F, and incident on the fide bc of the prifin 
ABC. It is plain^ that if the prifm were riot in- 
terpofed, the pencil j n would proceed to s, and 
there illuminate a fmall circular Ipot on the wall ; 
and from the preceding explanation it is evident, 
V thajt if all the rays of light be equally refrafted by 
the prifm, the whole pencil, being equally turned 
out of its courfe, will fufFer no alteration with re- 
fpeft to the parallelifm of its rays, and conlc- 
quently will, after refraftion, proceed to Q;^, and 
' there illuminate a fpot fimilar to that which would 
have appeared at s. ' But if the pencil be com- 
pofed of rays not alike refrangible, the moft re- 
frangible rays will be thrown farthetfrom s, and 

the 



Dm) )$9flr r^fi^gibfe, hang Ids defied out of 
fbfiir CQutie^ louft fall on a part of tbe wall neaxtt 
fmh whik tKofe which are itfrangible in the vi- 
^rpfKcUtfie (Agrees will full at interpofod diftancei 

K b^twexA them. The tftual e^epedment deter-< 
m^tf, ^ix, .^e Sim's light is compel of rays^ 
whofe iffouig^bilttijes src not all the fame; for 
9fin ftwrging from the pri&ti, inftead of Ulumi^ 
i^atiiig a. circular fpace, they are fpread into a kmg 
4)f 6lnim> bounds by Hght-lined fides and circur- 
Ur.wds^ aod whofe length is at right angles to 
the i^reftion of tiie axis of the prifin. 

t This oblong fpeftrum is varioufly coloured. The 
AQwer part, which co^tfifts of the leift refrangible 
fiyp, 1$: of a Hv^y red, which, higher up by ii^* 
iottSWe fr^atiqns, becomes an orange i the orange 
jb Uke.ii^iannet' is fucceeded by a yellow; the yel- 
i low by a green j the green by a bluej after which 
.Ibliows a deep blue or indigo , and lallly, a faint 
vij^let. With a prifin, whofe rcfra^ing angle was 
-^Jt degrees, fo placed, that the angle of inci- 
,ii€«ge on the firft furface was equal to the angle 

' ;^ p^t^W at the emergence or fecond furfacf^ 
^he fpeftfum, received on a wall at the diftancc 
.#f iSi feet, was I o inches, or loj- in length- 
Its breadth is in all ca&s equal to that of the cir- 
cle, which would have been formed at that dif^ 
f wee by the admitted beam or pencil of light, if 
th/e prifi^^ had not beeti- inierpofed* 

M ^ The fpaces occupied by the feveral colours of 
?he §)eftrvim anfwer to the fubdivifipns of a mu- 

fical 
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MUSICAL'PIViSIOK QF TH? SPkCTRVM, 8^7 

fical chord: tjrus, if agm? (fig. 79.) reprdeqc 
the fp€ftrwm> and the lines F M, ba, dg, zy, &c. 
mark; .the confines of the colours ; the Ijpace Mabp 
being CKjcwpicd by the red, agdb by the orang^^ 
gyzd by the yellow, ^nd fo forth, in the order 
abQve-noeiitionedj and cm be prolonged to x, fo 
thgt MX may be equal tocM, the lines ex, Ix, 
ix, cx,.yx, gx, ax, mx, jvill be in proportion 
to each other 2^ tjie n^n^^bers i, 4, i, iy t, |, 
./^, i, and therefore exprf^fs the qhords of the key, 
coQCj, , Ms third, fourth, Itfi^. j^^mr fixth, greater 
feyepthj ^d q^ave, Qr,^ ^ ;rendeir it qiore f^w 
Jiy to tbpfe Vfl^ofe . kwwlfrige ^ mufK is merely 
pxactical, \^t A » repf efent . xhfi ftong of a violin or 
gwttai*, ^\^ % fret or ftnall bridge be fixed on the 
finger-boarid at d^e middle difta^ce a^ between a 
wd 3 i mi lik^wife frets at g, f,, e, d, c, b^ £b 
that the diftaaces ag, gf, fe, cd, dc, cb, and 
b A, m^y be . in proportiotfi . t<> tlpte ipac^s occupied 
re^e^ftivejy by the red, p»nge, ycUow, grcen> 
blue, indigo» and viojct in ihe rfpeftrum > then, 
if the open ftfing found a, the regular afcent of 
the ftopt notes will be in the minor third from 
that key; ^e notes being a* b, c, o, e, f fliairp^. 
!o fliarp, ftnd A pftayc, 

Thofe r^ys which have the fione deg^e of re** 
frangibilify wiU^ after (^fraftion, (aXl within ^ cir-* 
cle equal to that which wouki h^^ve been iU^mi^ 
nated by the light if fufi^re^ to proce^ *0 I 
'(264, h) : and therefore the fpeftrum may be, 
conceited tp be cQm{>Qibd of an indefinitely great 
I number 



268 -HOMOGENBOtJS COtOUl, 

-number of fuch equal circles, whofe centers, arc aH 
on the fame line. For example- if abdc (fig. 78.) 
reprefent the (pedrum, the circle a b being formed 

. by the red, or leaft refrangible rays, and the circle 
D c by the violet, or mdl refrangible rays, then the 
rays, whofe refrangibility is intermediate, will form 
an innumerable feries of circles, and fill up the 
whole ipace, fo that a c and b d will appear as right 

O lines. Now, it is obfenrable, that though die light 
in the Ipeftrum thus feparated into its original fays 
is much lefs Compounded than before, yet it is fHB 
compounded in no foiall degree by the interference 
of the circles with each other, particularly at the 
line p F, equidiftant between a c and b d j and that 
at the lines a c and b d, where the circles do not 
interfere at ^11, the light is perfectly homogeneous 

p or uncompounded. But becaufe the colours in the 
!(pc6lrurn contiguous on cither fide of any given 
c^our do by mixture compound a colour that dif- 
fers infehfibly from the original intermediate co- 
lour itfelf, a right line <lrawn perpendicularly acrofs 
the Ipeftrum will be found in the fame colour 

<^^' throughout. For moft experiments in which un- 
compounded light is required, that of the Ipeftrum 
will be found( fuiEciently fo, but in cafes where a 

' greater nicety is demanded, the common diameter 
of the circleis, or breadth of the fpeftrum, maybe 
diminifhed by making the hole* at f finaller, or the 
figure of the hole may be altered. 

ji * It is evident from ^at has already been (aid, that 

this phenomenon arifes from the nature of light itfelf^ 

■ sS fomc 



PeWIR O^ DISPBRSICN IN:M£0(UMS. T^S^ 

fome of the rays- of which: areiiKire refrangible than 
others. . And as an ladditionjal .confinnation ft;;is^, 9 
cfefervjedj, that if : the fpeftrum. ^bf F^c^iy^oj^^z - 
bdafd which is pe^or^ied, fo a3.,t9jlct.pafs.oiie,rayf .. 
ofJight>,of:<;i5^qr, that ray wiH not be,c%ig^d. 
by, any refra^tjpn it may be afterwards : r^^dq .to^ 
fuffer, . but-contiivjips the lame.btf^K '^ colour; and; 
refrangibility . And if the- colours of the Ipefikrym [ t 
be any refledtion or refraction m^de to unjte fg?ip,. 
they will again form the compounded cojoyr-,,pf^ 
whitenefs. , ^ 

The quantity of the dilperfion of the rays of u 
light, which at equal diftances from the prifm is 
nearly exprefTed by the length of the Ipeftrum, 
does not follow the quantity of the refraction ofth^ 
mean ray, except in mediums of the fame 'kin9? 
Thus, if twb prifms of different kinds of glafs re- v 
fradt the folar ray equally out of its firft diret^op^ 
the ipedtrum of colours formed by the one will oe 
rnuch longer than that formed by the other ; and 
it is found, that in equal angles of mean refracStion, w 
glafs, in the compofition of which much lead enters^ 
dilperfes the light into its component colours *mucK 
more than glafs which abounds with alkaline falts *. 

If by means of two prifms, a fmall piece of pa- x 
per be illuminated, the one half with red, and the 
other half with violet light, and an obferver view 
the fame through another prifm, the paper will, by 
the different . refrangibility of the rays, appear di- 

* Ada (or perhaps Mifcellanea) Berollneafia, for 1766 ; 
i|uotcd by Prieftley in his Optics 9 p. 474. 

vidcd 



yi&tA intd two. Fdr the vi6lrt htff biiJIg ^A hf 
stiMrerdTrMgibltflig^t, Will a|S^«^ co be cattled 
ftrthertimn its tHje place than tbt rtd, and wiQ 
Y Acrcfope fecmt!c> be'fepaf'ated from it. The farrte is 
likcw^ troe of colours which arife from the fepa- 
ntion of light which is made bf bodies oA which 
it fidh, and which we are ape to call natural co* 
knm-; Sm: if a paper be painted, the one half with 
a livdiy red, and the other half with an indigo, and 
it be placed in the Sun's light, it will in the lame 
inaiyier appear divided, if viewed through a prifm. 



CHAP. IV. 

OF THt VARIOUS REFLBXIBILI.T\^ OF THE RAYS 

' '' ' 

OF tlGHf. 

2 fTT^HE Sun's light confifts of rays which differ 

X in reflexibility, and thofe rays which are more 

refrangible are alfo more reflexible than others. 

A Let ABC (fig. 80.) reprefent a prilm, whole angle 
A is a right angle, and the two angles a and c 
equal to each other. Suppofe j n to be a beam of 
light which paffes through the furface b c, and is" 
incident on ac at n. It will then emerge in the 
direction n g, fo that the fine of the angle of refrac- 
tion ON w may be in a certain ratio (262, b) 
to the fine of the angle of incidence b n z, which 
in glafs is as 3 to 2, nearly. Now, when the angle 
of incidence at u is fuch, that tlie fine of the angle 
of refra6lion is equal to die radiirs/ the an^le of 

refraftion 
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idbaion becoming a righc aog^^ die'«»j^ «lkj»IM!^* 
mag^ batwiU be <oullf ttOeAndor cdHMd b«ei| 
iatti the £^afi. This happen in ^^^^iriieir^*' * 
angk of iacideijiee k abosi 4K degrees. 

Thatr thl^ coRifXMient ]«fs -of li^^ ^le hot ^ b 
aU equally ^£^fed to be r^^ed> is pttwi by 
cuSnintg die prifm flo^y ^n its axts» tlH the light 
begins to be teflefted ; for it then appearsi that the 
more refrangible rays are itfiMfeed iotoatt; or iat left 
angles of incidence than thofe^hich are lejs refhux'- 
gibie. Let n m repreftnt the reflected bcbfi; atnd" c 
ibppoie the pr^ v k y placed lb as tp receive and 
&parate it into its ccmponent cdours by refra6tion : 
dien the lig^ which fitft begins to be Vefle(5ied> 
confifting almoft ihtirdy of violet rays^ 'wifl by the 
iecond prifhi be refrafted fe as fo fsH at p^ and 
paint a violet colour. As die fixlb prifin eotidnuet 
to be turned on its axis> the U^ is moit and knore 
copioiifly lefleded^ and the cdours between p tttiSl 
t appear in fiicceifion according to diefr order in 
rdEranj^bility j riolet^ indigo, blue, greei)^ yellow^ 
orange, and hilly red^ at which time the Iti9e(ti6n 
becotnes total : die colours formed by refraffcidn at 
fs O difappearing as thofe at pt appear. 

White light being prored to coitfift: df tzft 
which difitr m lefntogibility, ttfleititjfiliff, ^ahtt 
the power of -exciting the idea of cololirj it lis 
clear dwt. nothing ttiore is netefl^ao acbouttt 
for the colours of bodies thaft to fojjpofe cacti' body 
endued with a poweror aptitiide toreftedk^tKelraya 
of one particular coIo\lr/ and -lo fetlbibc'thi Tefh' 

But 



But . tiw tradi of th& does* not reft <»mero.f^ 
% iitioii. ' BcNiies efcpc^d tt> the tmcompoundediighfv 
oCthcd^oftotKtti air ever found ti> be dfthe colour 
of the light in wfatcbthe}ftai« placed, with«this oidyi. 
^ diffe^l^cey* th^t rthej; . app^ mucl^ iQOre. ^iiyely . in 
that ccJqw^ which is the fame with i^jt; which they^ 
F exhi)Mt;n the day. light. . . Jiad froin M^tP it ap- 
pears,^ th|at, the. cqIqut&i of bodies caiH^^ be fo, 
hoiiiQgcneous.'^d.^U' as thofe of tb^,:4)p<9jiiipi. 
for fiiwx^^theyref^eft^J. colours in fome^degreff a» 
. wdU as^cthe pnnGi{:^al . or predominant .one,, that 

I?H^IB^, co^Wr-.rnfi^^S jp^h dikijed and- weak-, 
G enedby^thp mixt^^v. tJt.^nTiay lik^^ from, hence 
be injSmed,^ that as. ^^9 unpong^poundod colours. 9xt^ 
not qh^^eable by i^frai^ipn, fo. ^jther are thcf 
c^apg^ble by; reaeaic)]?.;. ' -;.. -i ^-i^.i .' .r - 
II Language- beings -^nycfiJ9d chiefl}r;|br5|iw?.cxpref- 

^9B^^;ff^?^y PY^^ ji^^ ^^ ^9t . ^e(J^y•c^an3^ 
F^l-I^9fi^^.;i^:W.frequem^^^^ happens^ tliat 
the fame ..word is. ufed to denote very , dilFerent 
things.^ It is proper to be remarked, that tjie word 
colour is .thus ufed. If the word be. ufed to denott. 
the /enfation or idea excited in the mind,- it is^fiif* 
ficiendy obvious, that it cannot be; fcicntificallx 
ufed to, denote that attribute by which; .bodies are 
able, byreflefting the rays of lighjt,* to produce the 
fen^tion. And. ftill lefs ought it to be ufed to 
imply, that quality the various kinds of light poflels, 
of producing* the. fenfation, when;feparated from 
each, other, either by refledtion from bodies or 
otherwifc. It may, however, be dlowed to ufc 

the 
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the terms coloured rays, or coloured bodies, though 
the fenfation of colour, the Ipecific prop^ifs of the 
rays, and of the refleAing bodies, are undoubtedly 
things very different from each other. So different, 
indeed, that this remark might with jyftice be fup- 
pofed unneceflary, if experience had not (hewn^ that 
among the pretenders to philofophical knowledge 
fome have been found capable of miilaking in this 
very particular*. 

C HA P. V. 

CONCSRNING THE RAINBOW. 

I 

'TpHE inftance of the feparation of the primary i 
-*• colours of light which feems moft remark- 
able, is that of the rainbow. It is fonned in gene- k 
ral by the refledtion of the rays of the Sun's light 
from the drops of falling rain, though frequendy 
it appears among the waves of the fea, whofe heads 
or tops are blown by the wind into fmall drops, and 
is fometimes feen on the ground when the Sun 
fhines on a very thick dew. Cafcades and foun- 
tains, whofe waters are in their fall divided into 
drops, exhibit rainbows to a fpeftator, if properly 
fituated during the time of the Sun's fhiniitg ^ and 
water blown violently out of the mouth of an ob- 
ferVcr, whofe back is turned towards the Sun, 
never fails to produce the fame phenomenon. This t 

♦ The oppofers of Newton's difcoveries on light and colours 
have falfely affirmed, that he taught that the rays of light Were 
eoloured. 

Vol. I. T appear- 
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appearance is alfo fecn by moonlight, though fcl- 
dom vivid enough to render the colours diftin- 
/ guiftiable ; and the artificial rainbow may be pro^ 

duced even by candle-light on the water which is 
tjcftcd by a fmall fountain or jet d'eau. All theft 
trc of the fame nature, and dependant on the fame 
caufes, an idea of which may be formed by the 
following confiderations. 

W Let the circle w q^o b (fig. 8 1 .) reprefent a 
globe or drop of water upon which a beam of 
parallel light falls, of which let t b reprefent a ray 
felling perpendicularly at b, and which by confe- 
quence (a6a, v, b) either pafles through widiout 
refraftion, or is reflefted direftly back from a.. 
Suppofe another ray i k, incident 'at k, at a dif- 
tance from b, and it will be refrafted according to 
a certain ratio (262, b) of the fines of incidence 
and refraftion to each other, which in rain water 
is as. 529 to 396, to a point l, whence it will 
be in part tranfmitted in the direftion l z, and 
in part reflefbed to m, where it will again in 
part be refle<5ted, and in part tranfmitted in the 
direftion m Pj being inclined to the line dc- 
fcribed by the incident ray in the angle 10?. An- 
other ray a n, ftill farther from B, and . confc- 
quently incident under a greater angle, will be 
refrafted to a point f , yet farther from q^, whence 
it will be in part reflefted to o, from which place 
it will in part emerge, forming an angle a x R with 
the incident an, greater than that which was 

fomied 



formed between Ac ray m p and its incident ray. 

And thus, while the angle of incidence or diftancc 

of the .point of incidence from b incrcafes, the 
diftance between the point of refleftioh and q^ and 

the angle fomicd between the incident and emer- 
gent reflcftcd rays will alio increafe 5 that is to fay, 
a$ far as it depends on the diftance from b : but 
as the refroftion of the ray tends to carry the point 
of rcfleftion towards q^ and to diminilh the angle 
ibrmed between the incident and emergent refledted 
ray, and that the more the greater the diftance of the 
point of incidence frcMn b, there will be a certain 
point of incidence between b and w, with whicli 
the greateft poflible diftance between the point of 
refleftion and q^, and the greateft poflible angle 
between the incident and emergent refleAed ray will 
correfpond. So that a ray incident nearer to b ihall, at 
its emergence after reflefti6n, form a lefs angle with 
the incident, by reaibn of its more diredt refleftion 
from a point nearer tQ Qj and a ray incident nearer to 
Wjj ftiall at its emergence form a lefs angle with the 
incident, by reafon of the greater quantity of the 
angles of refraction at its incidence and emergence* 
The rays which fall for a confiderable ipacc in the vi- 
cifiity of that point of incidence with which the great- 
eft angle of emergence correfponds, will, after emerg- 
ingi form an angle with the incident rays differing 
infenfibly from diat greateft angle, and confcquently 
will proceed nearly parallel to each other ; and thofe 
. rays which fall' at a diftancc from that point will 
emerge at various angles, and confcquently wijl 

T 2 diverge. 
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diverge. Now, to a fpeftator, whofe back is turned 
towards the radiant body, and whofe eye is at a 
confiderable diftance from the globe or drop^ the 
divergent light, will be fcarcely, if at all, percep-^ 
-jdUc; but if the globe be fo (ituated, that thofc 
rays which emerge parallel to each other, or at the 
greateft pofliblc angle with the incident, may arrive 
at the eye of the Ipeftator, he will, by means of 
thofe rays, behold it nearly with the fame Iplendor 
at any diftance. 

N In like manner, thofe rays which fall.parallel on 
a globe, and are emitted after two refleftions, fup- 
pofe at the points f and c, will emerge, at h, 
parallel to each other, when the angle they tmke 
with the incident, a n, is the leaft poffible ; and 

- the globe muft be feen very refplendent, when its 
pofition is fuch, that thofe parallel rays fall on the 
eye of the Ipt&ator. 

6 The quantities of thefc angles are determined by 
calculation, the proportion of the fines of incidence 
and refradtion to each other being known. And 

. this proportion being different (264, o) in rays 
which produce different colours, the angles muft 

- vary in each. Thus it is found, that the greateft 
angle in rain-water for the leaft refrangible, or red 

• rays, emitted parallel after one refleftion is 42^ 
2', and for the moft refrangible or violet rays emit- 
ted parallel after one refledtion 40^ 17 j likcwife, 
after two refledtiohs the leaft refrangible or red rays 
will be emitted nearly parallel under an angle of 
50^ 57', and the moft refrangible .or. violet ,und«r 
' ,. an 
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^n angle of 54^ 7'; and the intermediate! colours 
will be emitted nearly parallel at- intermediate 
angles. . 

Suppofe now, that o (fig. 64.) is the Ipeftator's f 
eye, and o p a line drawn parallel to the Sun*a 
rays, and letPOE, pop, pog, poh, be angles 
of 40^ 17, 42^ 2, 50", 57', and 54<^ 7' rcfpec- : 
lively, a;nd thcfe angles turned about their com- 
mon fide o p, will, with their other fides o e, of; 
o G, o H defcribe the verges of two rainbows as in 
the figure. For, if e, f, g, h be drops placed any 
where in the conical fuperficies defcribed by o i, 
OP, oq, OH, and be illuminated by the Sun's 
rays s.e, ,s f, s g, s h ; the angle $ e o being eqval 
to the angle po e, or 40*^ 17', will be the greateft: 
angle in which the moft refrangible rays can,, after 
one refledion, be refradted to the eye, and there- 
fore all the drops in the line o e muft fend the moft 
refiangible rays riiofl: copioufly to the eye, and 
thereby fl:rike the fenfe with the deepeft violet 
colour in that region. And in like manner the 
angle a fo being equal to the angle po f, or 42^ %\ 
will bc/the greatefl: in which the leaft refrangible 
rays after one refledtion can emerge out of the drops^ 
and therefore thofc rays mufl: come moft copioufly ftS 
the eye from the drops in the line o f, and ftrike 
the fenfe with the deepeft red colour in that region. 
And, by the fame argument, the rays which hav^ 
the intermediate degrees of refrangibillty will come 
moft copioufly from drops between e and p, and 
ftrike the fenfes with the intermediate colours itk the 

T 3 order 



order whidi didr degrees of rcfrangibility require ; 
that is, in the progreis from e to P, or from the 
infide of the bow to the outfide, in this order, 
violet, • indigo, blue, green, yellow, orange, red. 
But the Iricrf^t, by the mixture of the white light of 
the clpuds; ynVL appear faint, and inclined to purple. 
Q^ Again, the angle s c g being equal to the angle 
?oc, or 50*^ 57', will be the leaft angle in which 
the leaft refrangible rays can, after two refle&ions, 
emei:ge. out of the drops, and therefore the kaft 
refrangible rays muft come moflt copioufly to di« 
eye. from the drops in the line 00, and ftrike the 
ienfe with the deeped red in that region* And the 
angle sho being equal to the angle pom, or 54^ 
7', will be the leaft angle in which the moft re- 
frangible rays, after two reftedlions, can emerge 
out of the . drops, and therefore thofe rayfc muft 
come nK)ft copioufly to the eye from the drops in 
the line qh, and ftrike the Ienfe with the deeprft 
violet in that region. And, by tht fame argu- 
ment, the drops in the regions between o and h 
will ftrike the fenfc with the intermediate colours 

• 

in the order which their degrees of refrangibility 
require j that is, in the progreis fiom o to h, or 
from the infide of the bow to the outfide in this 
Order, r^d, orange, yellow, green, blue, indigo, 
and violet. And firice the four lines oe, of, 00, 
o H may be fituated any where in the above-men- 
. poned conical fuperficies, what is faid of the dropi 
^nd colours in thefe lines is to be undcrftood of the 
^ops afif) Colours every where in tbofe ftipcrficieSf 
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Thus there vrill be made two bon^s of coloursj r 

in interior and ftronger> by one reflection in the 
dropB, and. an exterior and fainter by two j for the 
light becomes fainter by every refk£lion ; and their 
colours will lie in a contrary order to each other j 
the red of both bows bordering upon the Ipace o f, 
which is between the bows. The breadth of the 
interior bow, eof, riieafiired crofs the colours, 
will be I* 45', and the breadth of the exterior, 
€? o H, will be 3^ 10', and. the diftance between 
them GOF, will be 8*^ 55', the greateft feniidi- 
ameter of the innermoft, that is, the angle p o f, 
being 42** a', and the leaft femidiameter of the 
outcrmoft p o c being 50" 57'. Thcfe are tl^p mea- 
fures of the bows, as they would be, were the Sun 
but a point 5 for, by the breadth of its body, the 
breadth of the bows will be increafed, and theif 
diftance diminiflied by half a degree, and fo the 
breadth of the interior iris will be 2° 15', that of 
the exterior 3** 40', their diftance S'* 25 ; the great* 
eft femidiameter of the interior bow 42" 17', and 
the leaft of the exterior 50"* 42'. And fuch Wtt v 
the dimenfions of the bows in the heavens foufid 
to be very nearly, when their colours appear ftron^ 
and perfeft. 

The light which comes throfigh drops of rain b^ s 
two refractions without any refledion ought to appear 
ftrongdl at the diftance of about 26 degrees frott) . 
the Sun, and to decay gradually both ways as the 
diftance from the Sun increafes and decreaies. 
And the iame is to be underftood of light tranf^. 

^ T 4 mittcd 
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mittcd through fphcrical haU-ftoncs, And if the 
liail be a little flatted, as it often is, the light 
tranlrnittcd may grow fo ftrong at a litdc lefs dif- 
tance than that o[ 26 degrees, as to form a halo 
about the Sun and Moon; which halo, as often 
as the ftones are duly figured, may be coloured, 
and theo it muft be red within, by the leaft refran- 
gible rays, and blue without, by the moil refran- 
gible ones. 

The light which paffes through a drop of rain 
after two refractions, and three or more reflec- 
tions, is fcarce ftrong enough to caufe a fenfibte 
bow. 



CHAP. VI. 

OF THE SEt>ARATION OF THE ORIGINAL RAYS OF 
LIGHT BY REFLECTION OR TRANSMISSION, 
THAT DEPENDS ON THE THICKNESS OF THE 
MEDIUM UPON WHICH THEY ARE INCIDENT. 

V nr\ H E original or component rays of light are 
-* feparable from each other, not only by rc- 

fraftion, or by varying the angle of incidence on 
a reflecting furface, but are likewife at like inci- 

V denies more or lei? reflcxjble, according to the 
thicknefs or diltance between the two furfaces of 

V the medium on which they fall. They are alfo 
Hablc to be turned out of their direft courfc by 
approaching within a certain difl:ance from a body, 
by which means a feparation enfucs, the rays be- 
ing 



ACTION OF THIN PLATES UPON UGHT- a8l 

ing snore or lefs deflefted as they differ in colour. 
Of thefc circumftances it will be proper to give 
Ibme account. ' 

If a glafs or lens, whofe furface is convex, or. a w 
portion of a fphere, be laid upon another plain ^ 
rfafs, it is evident that it will reft or touch at one 
particular point only; and therefore, that at all 
other places between the adjacent furfaces will be 
interpofed a thin plate of air, the thiclcnefs of 
which will increafe in a certain ratio, according to 
the diftance from the point of contaft ; that is to. 
fay, in arcs whofe verfed fines/are very fmall, as 
the diameter of the fphere is to the fine of the arcj, 
fo is that fine to the verfed line or thicknefs of the 
air at the diftance meafured by the fine. 

Light incident upon fuch a plate of air is dif- x 
pofed to be tranfniitted or reflefted according to, 
its thicknefs : thus, at the center jof contiaft^ the; 
light is tranfinitted, and a black circular ipot ap- 
pears s this fpot is environed by a circle, the co- 
lours of which, reckoning from the iaternal part, 
are blue, white, yellow, red ; then follows another 
circular feries, viz. violet, blue, green, yellow, 
red J th^n purple, blue, green, yellow, red ; green, 
red; greenifh blue, red; greenifh blue, pale red j^ 
greenifh blue, reddifli white. ' 
*. Thefe are the colours which appear by reflec- y 
tion : by the. tranfmitted light the following feries 
arc feen. At the center white, then yellowifh red, 
bkck. ; violet, blue, white, yellow, red ; violet, 
blue, green, yellow, red, &c. fo that the tranf- 
mitted 
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mitted light at any tkickncf^^ inAead of white, 
appears of the compounded colour which it ought 
to have after the fubtradbion of fome of the confti- 
tuent colours by rcfleftion j after which feries the 
colours become too faint and dilute to be difccmed. 
z It is obfcrvaWe, that the glafles will not come inm 

contafi: without a confiderable degree of preffure. 
A By admeafurement it appears, that the rays of 
any particular colour are difpoied to be rcfie&ed 
when the thickneflcs of the plate of air arc as the 
' numbers, i. 3. 5. 7. 9. ii. &c. and that the 
feme rays are difpofed to be tranfinitted at the in- 
termediate thicknefTes which are as the numbers 
0« a. 4. 6. 8. 10. &c« 
B The places of rcflcftion or tranfmiflion of the 
' feveral colours in a ieries are fo near each odier> 
that the colours dilute each other by niixturc, 
whence the number of feries in the open day-light 
feldom exceeds feven or eight : but if the lyftcm 
be viewed through a prifin, by which means the 
rings of various colours are ieparated according to 
their refrangibilities^ they may be feen on that fide 
txxwards which the refradtion is made, fo numerous, 
c that it is impoffible to count them. Or, if in a 
dark chamber the Sun*s light be feparatcd into its 
original rays by a prifm, and a ray of one uncom- 
pounded colour be received upon the two gaffes 
heretofore defcribed, the number of circles will be- 
come very numerous, and both the reflefted and 
tranfmitted light wilt remain of the fame colour as 
the original incident ray. In this experiment it 

alfo 
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^{o IS fecrr, that in any fcnes, the circles fCrrhed 
by the lefs. refrangible rays exceed in magnitude* 
thofe which: are formed by the more refrangible 
rays, and confeqiiently that in any feries the more' d 
refrangible rays are reflefted at lefs thicknefles 
tllan thofe -which are lefs refrangible. 

If the light be incident obliquely, the rings of i 
colours dilate and enlarge themfelves ; whence it - 
follows, that the thicknefs required to refleft the 
colours of any feries is different in different obli- 
quities. 

Water, applied to the edges of the glaffes, is^ f 
attracted between them, and filling all the inter- 
cedent ipace, becomes a thin plate of the fene di- 
mcnfions as that which before was conftituted of 
air. In this cafe the rings become much fainter, 
but vary n(X, in their (pecies, and are contrafted 
in . diameter nearly in the proportion of 7 to S V 
confequently the intervals of the glafles at like cir- 

* 

cles caufed by thefe two mediums, water and air,- 
2lre as about 3 to 4 j that is, nearly as the fines' 
which meafure the angles of incidence and refrac- 
tion, made at a common furfacc between them. 
And hence it may be fufpefted, that if any other o 
medium, more or lefs denfe than water, be com*- 
prefled between the two glafles, their intervals at 
the rings caufed thereby will be to the intervals at 
^ich fimilar rings are caufed by the inteijacent 
air, as the fine wliich meafures the refraftion maJie 
out of air into that medium is to the fine of the 
J9)cidence on the common furface. 

Thefc 
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H ' Theie are (bme of the phenomena of light incir 
dent on mediums which are environed by mediums 
of greater denfity, as ajr or water con^relT^ or 
included between plates of glafsl The fame ap-. 
pfiarances follow, though with fome litde varia- 
tion, when the colorific medium is denfcr than that 
in which it is inclofed. 

I It is well knowa that bubbles blown in foap- 
water exhibit a great . variety of coloun ; but ai. 
thefc colours are commonly tog much agitated by 
the external air to admit of any certain obferva-: 
tion, it is neceffary that the bubble be covered 
with a dear glafs ; in which fituation the following 
appearances enfue: the colours emerge from the 
vertex or top of the bubble, and as it grows thin- 
ner by .the fubfidence of the water, they dilate into 
circles or rings parallel to the horizon, which 
llpwjy defcend and vanilh fuccefliyely at the bot- 
tom. This emergence continues till the water at 
the vertex becomes too thin to ^efledt the lights at 
which time a circular fpot of an intenfe blacknefir 
appears at the top, which flowly dilates fometimci 
to three quarters of an inch in breadth before the 
bubble breaks. jReckoning from the black central 
Ipot, the reflected ccJours are the fame in fuccef- 
fion and quality as thofe produced by the afore- 
mentioned plate of air, and the appearance of the 
bubble, if viewed by tranfmitted light,, is alfo fi- 
milar to that pf the plate of air in like circum* 
(lances. 



If the cx>l6ursbe'vieW^ with diflferent oMiqut- k 
ties, their place is changed, but not near fo much 
as^ in the plate of air. 

The end of a fmall glafs tube or pipe being melt- l 
^d, by turning the flame of a candle or lamp upon 
it, by means of a blow-pipe, may be blown into a 
bubble of an extreme thicknefs. Such a bubble 
will exhibit colours of the fame kind as the fore- 
going, but much more briflc and lively. From m 
which,' and the premifed obfervations, it is con- 
cluded, that a denier medium inclofed by one that 
is rarer, exhibits more lively colours than thoic 
which are produced by a rarer medium included 
in one that is more denfe. It is alfo obfcrvablc, h 
that the colours produced by reflection from, or 
tranfmifllon through, denfe fiibftances, are lefe 
fubjeft. to vary by change of the obliquity of the 
incident light than they are in fubftances that arc 
more rare. 

4 

By wetting very thin plates of Mofcovy glafs, o 
whofc thinnefs occafion the like colours to appear, 
the colours become more faint and languid, elpe- 
cially if wetted on the furface oppofite to the eye ^ 
but no variation of their fpecies is produced : fo 
that the thicknefs of any plate, requifite to produce 
any colour, feems to depend only on the denfity 
of the plate, and not on that of the ambient me- 
dium : and hence^ . if the fufpicion formerly urged 
be true (283, c), may be known the thicknefs 
which thin plates of any tranfparent fubflance have 
, ^ « at 
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tt the pbce tvhere a giveii colour in any &iies is 
produced. For> 

As the fine of the angle of incidence at the com* 
mon Airface 

Is to the fine of the angle of refra£iion out of 
the given mediunni into air. 

So i% the thicknefs of a plate of air which ex- 
hibits the given colour 

To the thicknefs of the given piate« 

As lenies ground to a long radius are neceflaiy 
to be ufed in thefe experiments, and (uch are not 
very common, it may be an acceptable piece of 
information for ' the learner to know, that their 
place may be well lupplied by tvi'o pieces of plate- 
glais, or even common glafs. If thefe be previ- 
oufly wiped, and then rubbed together, they will 
fi)on adhere with a confiderable de^rree of force, 
'and exhibit various ranges of colours, much broader 
than thole obtained by lenfes. One of the moft 
remarkable circumftances attending this method of 
making the experiment is the facility with wWch 
the colours may be removed, or even made to 
difappear by heats too low to feparate tiie glafies. 
It feems moft probable, that the operation of heat 
confifts in augmenting the diftance between the 
furfaces. A touch of the finger immediately catifes 
die irregular rings of colours to contradt towards 
their center in the part touched^ 
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C H A P. VII. 

GENX&AL INFERENCES RESPECTING THE DiSPOSI- 
TiaN TO BE REFLECTEP OR TRANSMITTED, 
INTO WHICH THE RAYS OF I-IOHT ARE PUT, 
BY THE ACTION THAT DEPENDS ON THE 
THICKNESS OF THE MEDIUM UPON WHICH 
THEY ARE INCIDENT. 

THE experiments or obfcrvations in the laft q^ 
chapter being maturely weighed and confi- 
dered, indicate the following theorem or general 
propofitionj namely. 

Every ray ,of light in its palTage through any rc^ jt, 
framing furface is put into a certain tranfient coiu 
flitution or ftate, which in the progrefs of the ray 
returns at equal intervals, and difpofes the ray, at 
every return, to be eafily trai^finitted through the 
next refrafting furface, and, between the rcturni, 
to be eafily reflefted by it. 

For, by thofe obfcrvations it appears, that one s 
and the fame fort of rays, at equal angles of inci- 
dence on any thin tranfparent plate, is alternately 
reflei^ed and tranfmitted for many fucceflions ; ac^ 
cordingly, as the thicknefs of the plate increaies 
in arithmetical progreflion of the nunAers o, i, a,. 
3> 4> Sy 6, 7, 8, &c. fo that if the firft reflciflion, 
or that which makes the firft or innermoft ring of 
colours, be made at the thicknels i, the rays Hiall 

be 
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be tranfmittcd at the thickhefles o, 2, 4 6, 8, 16, 
12, &c. and thereby make the central Ipot and 
rings of light which appear by tranfrniflion, anH 
be reflefted at the thicknefles i, 3, 5, 7 > 9, 11, &c. 
and thereby make the rings which appear by re- 
lleftion. And this alternate refleftion and tranf- 
miflion continues for a great number of viciflitudes, 
and by other oblervations, which for the fake of 
brevity are omitted, for many thoufands, being 
propagated from one furface of a glafs-plate to the 
other, though the thicknefs of the plate be a quar- 
ter of an inch or above : fo that this alternation 
leems to be propagated from every refrafting fur- 
face to all diftances without end or limitation. 
And becaufe the ray is difpofed to refleftion at the 
tkicknefles I, J, 5, 7, Sec. and to tranfmiffion at 
the thickneffes o, 2, 4, 6, 8, &c. for its tranf- 
miffion through the firfl: furface is at the diftancc 
c, and it is tranfmitted through both together, if 
their diftance be infinitely little, or much lefe than 
t, the difpofition to be tranfmitted at the diftances 
2, 4, 6, 8, &c. is to be accounted a return of the 
fame difpofition which the ray firft had at the dif- 
tance o, that is, at its-tranfmiflion through the firft 
refradting furface. 

T This alternate reflection and tranfiriiffion depends 
on both the furfaces of every thin plate, becaufe 
it depends on their diftance* For if either fur- 
face of a thin plate of Mofcovy-glafs be wetted, 
the colours grow faint (285, o) : it muft therefore 
depend upon both. - 

;: ^ It 
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It is therefore performed at the fecond furface -, ^ • 
for if it were performed at the firft, before the rays 
arrive at the fecond, it would not depend on the 
fecond; * , 

. It is alfo influenced by fome* adion or difpofi- v^ 
tion, propagated from the firft to the fecond, be- 
caufe otherwife at the fecond it would not depend 
upon the firft. And this adion or difpofition, in, 
its propagation, intermits and returns by equal in- 
tervalsi becaufe in all its progrefs it inclines the 
ray at one diftance from the firft furface to be re- 
Hefted by the fecond, at another to be tranfmitted 
by it, and that, by equal intervals, for innumerable 
yicfflitudes. 

The returns of the difpofition of an^ ray to be yr 
rdleded are termed its fits of eafy refleftion, and 
thofe of its diipofition to be tranfmitted its fits of 
eafy tranfmiflion ; and the fpacc it pafles through 
between every return, and the ne^ct return; the in- 
terval of its fitSi 

Thus, let CDFE (fig* 83.) reprcferit a tranlpa- x 
rent medium, fuppofe water, upon which the ray 
AB is incident at a point in the upper furface 
o, o. Draw the line i, i, and let the interval be- 
tween it and o, o be every where equal to the dif- 
tance between the two lurfaces of the plate of water, 
defcribed in the laft chapter (283, f), when the 
firft ring of colour is refleded. Then, if the in- 
ferior furface of the medium were at i, i, the ray 
would be refleded upon the fame principle as the 
ring of colour^ and therefore at i, i it is in a fit 
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of eafy rcfleftion-. Draw the parallel 2^ 2 at &e 
fame diftance from i, i, and the diftancc between 
c, o, and 2 J 2 will be that thicknefs at which in the 
before- mentioned plat« the ftrft ring of colour i* 
tranfinitted : the ray would therefore be tranfmitted 
if the inferior furface were at 2, 2, and confe- 
quently it is there in a fit of eafy tranfmiiSion. At 
3> 3 it is ag^ in a fit of eafy refleftion, and by 
applying the fame argument to the equidiftant 
lines 4, 45 5> 55 6, 6; 7, 7; 8, 8; it will ap- 
pear that the ray will be alternately diipofed to^ 
tranfmifilon and refiedlion ; and if the laft parallel 
or the inferior furface be diftant from the fuperior 
furface o, o, by an even number of intervals, the 
ray will arrive there in a fit of eafy tranfmifiion and 
emerge -, but if the number be odd, it will arrive 
in a fit of eafy refleftion, and return back into the 
medium. The diftance between the lines o, o and 
2, 2; 2^ 2 and 4,-4, &c, are the intervals of 
the fits of eafy tranfmifiion, and the diftances be- 
tween I, 1 and 3, 3; 3, 3 and 5, 5, &c, are the 
incervds of the fits of eafy refle&ion. 

What kind of aftion or difpofition this may be, 
whether it confift in a circulating or a vibrating 
motion of the ray or of the medium, or fome - 
thing elfe, experiments are wanting to determine* 
But the fafts are not the lefs true on account of 
our ignorance of the mode of their origin. That 
truly great man, to whofe penetration and induftry 
we are indebted for almoft ail the knowledge we 

have of the phyfical properties of fight, has, with 

great 
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great modefly, propofed an hypothefis for the fo- 
lution of thefe appearances. It is not without its 
difficulties, and muft therefore be received with the 
fame caution as it was propofed, till experiment 
Ihall either confirm it, or fubftitute another theory 
in its place. 

' Sir Ifaac Newton*s Hypothefis* It may be fup-^ 
pofed, that as ftones by falling into water put the 
w^ter into an undulating motion, and all bodies 
by percullion excite vibrations in the air ; lb the 
rays of light, by impinging on any refrafting or 
reflefting furfece, excite vibrations in the refrafting 
or reflefting medium or fubftancCi and by ex- 
citing them, agitate the folid parts of the refrafl- 
ing or reflefting body> and by agitating them, 
caufe the body to grow warm or hot; that the 
vibrations thus excited are propagated in the re- 
frafting or reflefting medium or fubftance much 
after the manner that vibrations are propagated in 
the air for caufing found, and move fafter than 
the rays, fo as to overtake them ; and that when 
any ray is in that part of the vibration which con- 
Ipires with its motion, it eafily breaks through a 
refra<fting furface, but when it is in the contrary 
part of the vibration which impedes its motion, it 
is eafily reflefted -, and, by confequence, that every 
ray is fuecelfively dilpofed to be eafily reflefted 
or eafily tranfmitted by every vibration, which over- 
takes it. 
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CHAP. Vlli. 

($t THit Permanent colours or natural 

BODIES, AND THE ANALOGY BETWEEN THEAl 
AND THE COLOURS OF THIN TRANSPARENT 
PLATES. 

TT has already been fliewn (272, e), that the: 
colours of natural bodies confift in a dilpofi-* 
tion to refleft the rays of one fort of light more 
copioufly than the reft. But their conftitutibn,^ 
whereby they refleft fbme fays more copioufly thaa 
others, remains to be difclofed. 

Thole fuperficies of trahlpafent bodies reflect 
the greateft quantity of light, which have the 
greateft refrafting powers that is, which inter- 
cede mediums that differ moft in their refraftivc 

if 

denfities. And xn the confines 6f equally refrading 
rhediums there is* no reflection. 

The analogy between refleftiori and refraftion 
will appear by confidefing that the moft refrac- 
tive mediums totally retfefl: the rays of Kghr 
at lefs angfes of incidence, as was before fliewii. 
(270, a). But th^ truth of the propofition will 
further appear by obferving, that in the common 
fuperficies of rv«o tranfparent mediiirps, the reflec- 
tion is flronger or weaker, accordingly as^ the fu- 
perficies hath a greater or lefe refraftive power. 
If any traoiparent folid be . innymerged in water. 
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Its refleftion becomes much weaker than before, 
and ftill weaker if immerged in a fluid whofe re- 
fracting power is yet ftronger than that of waters 
If wafer be diftinguilhed into two parts by an ima^, 
ginary furface, the refleftion in the confine of thofe 
two parts is none at all. In the confine of water 
and ice it is very little ; in that of water and oil 
- fbmething greater ; in that of water ?nd fal-gemm 
ftill greater ; and in that of water and ^lafe, or 
t:r)rftal, or other denfer fubftances ftill greater, aip- 
cordingly as thofe mediums differ more or lefe in 
their refraftive powers. The reafon then why uhi-r : 
•form pellucid mediums, as water, glafs or eryftal^ 
have no fenfible refleftion, but at their external fu- 
perficies, where they are adjacent to other medi-. 
ums of a different denfity, is that all their con- 
tiguous parts have oije and ^e fame degree of 
-denfity. 

The leaft parts <^ almoft all natural bodies, are ; 
in fome meafure franfparent : and the opacity of • 
feodies arifes from the multitode of refleftions caufed 
in their internal parts. 

This may be eafily {ccn by viewing fmall fub- -i 
dances with the mierofcope or magnifying glafs, 
for they appear for the moft part tranfparent. And 
it may alfo be tried by means of the light received 
through u hole into a dark chamber. For any fiib* 
ftanc'e, how opake foever, if it be reduced to a 
fufficient thinnefs, and applied to the hole, wiU 
appear manifeftly tranijiarent. Only white metal- 
line bodies muft be excepted, which, by reafon of 

U 2 their 



their very great denfity, feem to fcfleft almoll «U 
the light incident cm their firil: fuperficies, unkf^ 
\}y iblutioa in menftri^qms^ they .be reduced into 
very fmall partides, and di^n they aUa ^^ecome 
tranlparcnt. 

Bctw^R the parts of opake or colovu^ bodie* 
are many ipaces, either empty or repkniihed with 
mediums of other denfities ; as water between th^ 
tinging (:orpufcle$ with which any liquor is im:- 
pregnated^ air between the aqueous globules that 
conftitute clouds and mifts j and for the moft part, 
fpaces void both of ^ir and water, but yet, per- 
haps, not void of a}l fubftance;^ between the parts 
of hard bodies* 

The truth of this is evinced by the two prece- 
dent proppfitions (f, o) : for, by the fecond, there 
are many reflcftions made by the internal parts 
of bodies, which would not happen if the part^ 
of thole bodks were continued without any fuch 
interftices between them; beeaufe refle6tions are 
only made in fuperficies which intercede mediums 
of different denfities (293, d • ) 

A yet farther proof that the opacity of bodies 
arifes from this difcontinuation pf their parts may 
be had, by confidering that opake fubftances be-^ 
come traniparcnt, by fillipg their pores with any 
fiibftance of an equal or nearly equal denfity with 
flveir parts. Tfcus, paper dipped in water or oil, 
riie Qcuhjs mundi ftone fteeped in water, linen 
iploth piled or vamifhed, and many other fubftanceg 
'ip^(l }p fy?h liquors as will .inti|natejy prevadf 

their 
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t^eir pores, becotz)e by that means mcHt tranfparenc 
than otherwHk i fo, on the contrary^ the moil tranf- 
parcnt fubftances may, by evacuating their pores, 
or iieparating their parts, be rendered fuificiently 
opake, as falts, or wet paper, or the oculus mundi 
ftone, by being dried} horn, by being fcraped; 
glais, by being ixdxuxd . to powder, or otherwife 
flawed; turpentine, by being ftirred about with 
water till they inix imperfeftly j and water, by be- 
ing formed into many fmall bubbles, either alone 
in the form of froth, or by fliaking it together with 
oii of turpentine, or fome other convenient liquor 
with which it will not perfe(91y incorporate. 

The parts of bodies and their interfticcs muft not c 
be le& than fome definite bignefs, to render them 
c^pake and coteured. 

For the opakcft bodies, if their parts be fubqlely d 
divided, as metals, by being diflbl ved in acid men- 
ilruums, &c. become perfectly traniparent. And 
it may alfo be remembered, that the black Ipot 
near the point oi conta^ of the two plates of 
'glafs being of fome confiderable breadth, tranf-- 
mitted the whole light where the glafles did not 
^folutely touch (2S1, v.) And the reflcdkion at 
the thinneft part of the fbap-bubble was fo inienfible 
as to make that part appear intenfely black, by the 
want of refle&ed light (284, i.) 

On thefe grounds it is, that water, ialt, glafs, > 
ftones, and fuch like fubftances, aretraniparent. For 
on many coniideratbns they iecm to be as full of 
pores or interftices between theii; parts as other bodies 
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are, but ytt their parts and interftices to be too 
imall to caufe reflection in their common furf^ees. 

r The traniparent parts of bodies^ according to 
their fcveral fizes, muft refleft rays of one colour, 
and tranfmit thofe of another, on the lame ground 
that thin plates or bubbles do rpfle& or. tranfmit 
thofe rays. And this appears tt) be ;fae groynd o( 
all their colours, 

c For if a thin body or plate, which, being of an 
even thickneis, appears all over of one uniform 
colour, ihould be flit into threads, or broken into 
fragments of the fame thickneis with the plate^ there 
is no reafbn why every thread or fragment fbould 
not keep its colour, and by confequence, why a 
heap of dipip threads or fragments ihould not con* 
ilitute a mafs or powder of the fame colour whiqh 
the plate exhibited before it was broken. And the 
parts of all bodies being like fo .many fragments of 
a plate, niufl on the fame grounds exhibit the fame 
colours. 

H Now, that they do fo, will appear by the affinity 
of th^ir properties. The finely coloured feathers 

" of fome birds, and particularly thofe of peacocks 
tails, do in the very fame part of the feather -appear 
of fcveral colours in feveral pofitions of the eye- 

. J^ikewife the fine-fpun webs of fbme fjpiders appear 
coloured ; and the fibres of Ibme filks, by varyiug 
the pgfition pf the eye, do vary their colours. Alfo 
jjhe colours pf filks, cloths, and other fubflanccs 
xvhich liquids can eafily penetrate, beccxne mcffc 

. £airit by being wetted, much after the inanncr of t|ii 
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^ plate of MofcOvy glafs, and recover their vigouf 
again by being dried. 

* The air reflcfts the bliie rays moft pfcnrifuHy, 
and muft therefore tranftnit the red, orange, and yel- 
low more copioufly than the other rays, if the light 
of the fetting-fun, by paffing through a long 
tra6t .of air, be divefted of the more reflexible rays; * 
the g!«een, blue indigo, and violet, the remainder, 
which is tranfmitted, will illuminate the weftern 
clouds with an orange colour ^ and as the Sun fets 
more and more, the traft of air through which the 
rays muft pafs biecomes longer, the yellow and 

• orange are reflefted, and the clouds grow mote 
deeply red, till at length the difappearance of the 

jSuh teayes them of a leaden hue by the refledlidn 
of the blue light from the air, A fimilar change ^f 
polpyr is pbferved on the fnowy tops of the Alps ii\ 
iSwitzerland, and the fame may be feen, though 
lefs ftrongly, on the eaftern and weftern fronts of 

^ whit^ buildings j St* Paul's Church at London is a 
good objeft of this Jcind, and is often at fun-fet 
tinged with a confiderable degree of rednefs. The 
fame caufe likewife occafions the Moon in an eclipfe 
to aflume a ruddy colour by the light tranlrnitted • 
through the atmofphere (156, n, o.) 

The parts of bodies, oh which their colburs de- k 
pend, are denfer thai;i the medium which pervades 
their interftices, ' ' 

For if they were- not, the variation of colouf*, \ 
arifing frofti the various obliquities of the incident 

•'light, (283, E. a85,K) would compound a mixt and 
impeWedt colour, an^ never fo vivid as experiericfe . 
- ' SI ' evince^* 
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evinces. But when the parts are much dewier than 
the ambient medium, this variation is not jR> confi* 
derahle ; and dier^re^ die rays which are refleded 
leaft obliqudy may predcMninate over the reft, fo 
much ai to cauie a heap of fucfa ptttidcs to a{^)ear 
very intenfely of their colour. 

M And hence die magnitude of the ccxnponent 
parts of natural bodies may be conjeftured bytheir 
cokmrs* 

N For, fince the parts of thefe bodies are of about 
the lame denfity as water or ^alsj as by many cir- 
. cumftances is obvious to coUed^ it is highly pro- 
bable that they exhibit the tame colours with a plate 
of equal thicknefs. That colour being khown^ the 
thicknefs may be ealily found by die. pro^dii^ 
obiervations. 



C H A P. IX. 

0F THE IMFLECTIONS OF THE RAYS OF LIGHT WHICH 
PASS IN THE VICIKITIES OF BODIES. 

IT is obiervable, that if a beam of the Sun's light 
be let into a dark room through a very Imsdl 
hole, the fhadows of things in this light will be 
larger than they ought to be if the rays went on 
by the bodies in ftrait lines, and that thefe ihadows 
have three parallel fringes, bands, or ranks of colours 
adjacent to them. The principal circumftances of 
the phenoQ>enon are as follow : 

If a beam of the Sun's light be admitted into a 

darkened chamber through a hole of the breadth 
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of the forty-fecon4 paut of ^n inch, or th6re8il>outs» 
the fh^dows of haksi thre^, ftrgws^ and other ihuU 
liodks, appear confido'dbjiy broader than th^cjr 
would he if the light pqijcd % tjiem in ftrait line$* 
For examples z hair, whofc breadth was the aSoth 
part of an inch^ being hi^ld in Chi3 light ^t die dif* 
tance of about twelve f^et from the hole, did cafl: a 
ihadow which, at the d^ance c^ four inches from 
the hair, was the fixtieth part of aa inch broad, 
jdiat i3, above four times broadef .than the had'; 
^d at the dlftance of ten feet, was the eighth part 
of an inch broad, that is, thirfy-five times broader. 

Nor i§ the eflfeft ahered by an alteration in the q^ 
denfity .df the medium contiguous to the Hair, for 

. its ihadow at like diftances was equal, whether it 
was in tthe open air, or inclofcd between two plates 
of wet glafs, care being hadi'that the incidence and 
^mergence of the ragy was perpendicular 4Xh the 
glaffes. Scratches oa the forface or veins in tie 
body of polifbed gXa^s did alfi> caft the like broad 
(hadows. And therefor^ the gr^ hteadrfi of thefe 
ihadows muft proceed from feme other caufe than 
the ufual refra&ion which might arife from any 

. ftftion of the ambient medium* 

Let the circle x (fig. 84.) repfefcut the mJddle i^ 
of the hair; ado, bmh, cfi, three rayspafling 
fey one fide of the hair at fevcral diftances ; k n q^^ 
LOR, MP Si, three other rays paffing by the other 
fide of the Iwiir at the like diftances ; d, e^ f, and 
jr, o, p, the places where lie rays are bent in 
tfeejir paflag^ by the hair; c, h, I| and q^ ^, u/ 

the. 
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^die places where the rays fall on a paper^ c Q^ f ii 
the breadth of the (hadow of the hair caft on the 
paper; and ti, vs, two rays which fall on the 
points I and s, without being at all dcflefted by the 
afbion of the hair. Then it is manifeft^ that all the 
rays between t f and v s are bent in palling by the 
hair, and turned afide from the ihadow i s, becaufe, 
if any part of the light were not bent it would fall 
within the Ihadow, and there illuminate the paper, 
contrary to e3q)erience. And becaufc, when the 
paper is at a great diftance from the hair, the fha- 
dow is broad, and therefore the rays t r and v j 
are at a great diftance from each other, it follow 
that the hair a6b upon the rays of light at a con- 
.fiderahle diftance in their pafling by it. But be* 
caufe the (hadow of the hair is much broader in 
proportion to the diftance of the paper from the 
hair when the paper is nearer to the hair than when 
k is at a great diftance from it, it is evident that the 
action is ftrbnger on the rays which pafs by at leafl: 
diftances, and grows weaker and weaker accord- 
ingly as the rays pafs by at diftances grf ater an4 
greater, as is reprefented in the fcheme. 

The Ihadows of all bodies in this light are bor- 
dered with three p^allel fringe;s or bands of coloured 
lights of which that contiguous to the ihadow is 
broadeft and moft luminous, and that moft remote 
from it is narroweft, and fo faint as fcarcely to be 
vifiblc. If the light be received very obliquely on 
paper, or any other fmooth white body, the colours 
VP^y^ plainly d|fti^gui/hed ii) th)s order^ viz. the 
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iift oj^ innermoft fringe-is violet, and deep blue next 
the fliadow> and then light blue, green'anAyellowr 
in the nniddJey and red without. The fecoad fring6^ 
is almoft contiguous to the firft, and the third to the 
fecond>and both are jbluc within, and yellow and red 
widiouty but their colours- are very faint, elpecially 
thofe of the third. The colours therefore proceed, 
ki this order from the fliadaw, violet, indigo, pale 
blue, green, yellow, red ; blue,^ yellow^ jped jr pile 
blue, pale yellow, and red. 

If a larger beanrj of the Sun's light be admitted 'P 
into a dark chamber, and part of it received on the 
blade of a fharp knife, whofe plane interfefts the 
diredbion of the beam at right angles, while the 
other part is fufFered to pafs by the edge of the 
knife, and received on a paper at the diftance of 
about three feet ; this laft light will appear to ihoot 
out or fend forth two faint luminous ftream$ both 
ways into the fliadow, fomewhat like the tails of 
conaets. Thefe ftreams being very faint, are fo * 
much obfcured by the light of the principal direft 
rays, that it is neceffary, in order to fee them with 
any degree of diftindknefs, to let the direft rays pafs 
through a hole in the paper on to a piece of black 
cloth. The light of the ftreams is then perceptible 
^ on the paper to the diftance of fix or eight inches 
from the Sun's direft light each wuy> and In ail the 
progrefs from that direft light decreafes gradually 
till it becomes infenfible. 

If two knife-blades, with ftrait edge^, be fb u 
fixed or fet ia a frame, that they may both be 

ijituat^ 
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lituatcd in the fame plane, their edges parallel, and 
facing each other, and one of the blades moveable 
towards ot from the other by means of a fcrcw, fo 
that their parallelifin may be always preferved, a 
beam of light may be luffcred to pafs between 
their edges, and the appearances are the following r 
when the knives are at a confiderabre diftance, fo 
that the intromitted beam is broad, the ftreams of 
light whiith {ho6t both ways into the Ihadow are 
fcarce vifible, for the reafon already mentioned,, 
and the edges of the (hadows are not bordered with 
coloured fringes, they becoming fo broad that they 
run into each other, and by joining, form one conti- 
nued light or whiteneft at the beginning of the 
ftreams. As the knives approach each other the 
fringes of colour appear on die confine of each 
Ihadow, becoming diftinfter and larger until they 
vanifh, which happens when the edges are diftant 
fomewhat more than the 400th part of an inch* 
After the fringes have ^ifappeared, the line of light, 
which was in the middle between them, grows very 
broad, enlarging itfelf both ways into the ftreams 
of light afore-mentioned ; and when the knives are 
diftant above the 400th part of an inch, the light 
parts in the middle, and leaves a Ihadow between 
the two parts. And as the knives ftill approach 
each other, the fhadow grows broader, and the 
ftreams fhorter at their inward ends, which are con- 
tiguous to the (hadow, till upon the contaft of the 
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jknives the whole light vanifces, leaving, its plaqe 
to the Ibadow *. 

From thefe and fome other experiments of die 
fame tendenqr, it may be inferred. 

That all bodies aft upon the particles of light v 
attracting theiti when within a certain diftance, and 
at greater diftances repelling them; for the two 
comet-like ftreams feem to be produced, the one 
by an attraftive power exerted, by which the ligJit 
is thrown into the Ihadow of the knife, and the 
other by a repulfion, by which it is turned towards 
the contrary part or region. 

That thde a£tipns are fironger on tboie rays w 
which pafs nearer the body than on thofe which 
pafs at greater diftances : confequendy thofe rays 
which were parallel bcfbrc their arrival in the vici- * 
nity of the body ^iag varioufly dcfleded, muft, 
after paffing, diverge fEbm each other; and, at the 
limit or diftance at which atu-a&ion ccafes, and 
repulfion begins, there muft be a place at which the 
paffing rays being very litde aftftcd by the aftion 
of the body, will proceed p^allel, as before their 
arrival in its vicinity. 

That this limitation or diftance may difier in x 
rays of different colours, and caufe the appearance 

^ The expenmenu of Newton on the infledioti of light 
are few, and iniperfe<a. Thofe wh^ have followed him in 
this delicate and highly important .department of Natural 
Philofophy, have done little more than idd fbme infulated fafts 
to thofe obferved by him. The law followed by the power* 
that infleft light, and the limits of its adion> arc yet unknown. 

of 
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•f fringes : for, if the limit be left in the violc* 
rays than in the red rays, the parallel rays of the 
violet colour will form a frix^e, which Ihall be 
nearer the fhadow of the body than that which 
-is formed by the p^allel rays of the red colour : 
and fo^of the intermediate colours will be formed 
intermediate fringes. It muft, however^ be con- 
fefled, that this fuppofition does not account for the 
repetition of the fame colour at different diilances. 



C H A P. X. 

OF THE LOWERS BY WHICH BODIES REFLBCT OR 
REFRACT THE RAYS OF LIGHT.' 

V nn HE refleftion of light is^ hot caufed by its 
A impinging or ftriking on the folid parts of 
bodies. 

2. This will appear by the following confiderations.- 
Firft, That in the paflage of light outof glafs into 
air^ there js a ^refleftion as ftrong as in its paflage 
out of air into glafs, or rather a little flyonger, and 
by many degrees ftronger than in its paflage out of 
glafs into water. And it feems not probable, that 
airfhould have more refle6ting parts- thari water oi? 
glafs.. But if that fhould poflibly be fuppofed, 

A yet it will avail nothing -, for the refleftion is as 

ftrong, or ftronger, when the air is drawn away from 

the glafs, as when it is adjacent to it. Secondly, If 

light in its paflage out of glafs into air be incident 

' more obliquely (270;^ a) than at an* angle of 40 or 
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^ dflffces, it is wl^pUy ^^eftejJi ifi^^^MlIM^ 
it is ifl a^gpeat me?ftM[e t^awi^ N<»NS.iti^,tfftft 

ta be; imagined th#i l^ghfe ata^ede^^f q^Jj^,, 
cjuitj^. fhottWr ?[W* wij^^^ ffV^ ewj^igJi ift, lii«' «ff Jft 
traofmit the gy* atetiwt of it, and a;- aflofljpE 4^01^^ 
qiobiiqfiitj, IbfQ^meetivitb iM^hi;^^ kiuitjsajirtft^b 
jq^Se^ it wholly i e^e^ialJ^ coj^fid^i;^ ih^ hf \m 
p3^agc out of air into glafs, how qbliqiie. |?pij!pp 
be it?. i^icidenQC, it fjf^^ pofcs enwg^ ifi. ^ ^^ 
V?.trstafipitthegr^p«ftp^Qfil. If a|^ of^ fiip.. 
pofe that it k Wjt ^^giea:e4 ^y the m$. kvic by .rti© 
omrpoft fopcrficy, fiaf£9 of the gl^> ihei^ ifi ftil^ 
tbf ftnfie (Equity : befits, thftt fycb ^ fl^pc^tifitt 
i% UointeUig^blej %nd. wiU 9liQ ^pp^xr tq be. f^ 
by applying w^ter bebied fyme p^n t£ tiiip glafi 
m&^ of ^r. F<^ fiit io a sojgky^iUmt; QbliqiuB)? of 
t^he roy9> fpppoie of 45 or 46 4e^ef^. 91: which thejr 
sre all refl$ded ^ett ^, air is adjacent ta tbr 
£]a&> they ihaU be in g^etf meafove tr^aArmed 
where the water i^ adjacent to it; which arguel 
that their refkSion depends on tb& conflitutioa iof 
the air and water behind the gla&» a^d nne intkr 
flxildng of the ra}^ i^pon the parta q£ the gia6. 
Thiisdly^ If the cobqrs made by a prifm placodi at 
the entrance of a beam of light into a darketifid 
itiiom be fucceffively caft on . a J^coad priiiai (a? i > a ) 
placed a£ a diftancefroni the fosmer^ in. |tiGh miyih 
ner that they are ail alike incident \qy»i ilv the &qsx4 
fTifyi may be fi> iadined to th^ incident niys> that 
fbofe which are of a h|qe ooknir flsall hsi diixc- 
Jelled ^Y k^ and ]fitt thofeof a rad cotovp pDcflty 
Vo&H !• X^ copiocfly 
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copioyfly tranlmitted. Now, if the refleftion be 
caufed by the parts of air or glafs, it may be de- 
manded why, at the fame obliquity of incidence, 
the blue fliould wholly impinge "on thofe parts, ia 
:fs to be all rcflcfted, and yet the red find pores 
enoughte be in great tneafure tranfinitted. Fourth- ^ 
ly. Where two glaffcs touch one another there is no 
fenfible refleftion (2&1, y) and yet no rcafon can 
be given why the rays fhould not impinge on the 
parts of the glafs as much when contiguous to 
0thct glafs as when contiguous to air. Fifthly^ 
When the top of a fdap water bubble, by the con- 
^ f inual fubfiding and exhaling of the water, becomes 
very thin, there is fuch a Irttk and aknoft infen- 
fible quantity of light reflc^ed from it, that it 
appears inteniely black (^84, i) ; whereas, round 
about that black ipot, where the water is thicker, 
the refie&ion is fo ftrong as to make the water 
feem very white. Nor is it only at the leaft thick- 
nefs of thin plates or bubbles, that there is no 
.manifeft refleftion, but at many other thickxiefles 
xontinually greater and greater. For we have fcen 
th^ the rays of the fame colour are by turns 
tranfmitted at one thicknefs, and refleded at an- 
.'other thicknefs for an indetefmiriate number of 
fucceffibns. And yet, in the Superficies of the 
thin body, where it is of any one thicknefs,' there 
- are as many parts for the rays to impinge on as 
: where it is of any other thicknefs. J Sixthly, If 
-reffeftion were caufed by die parts of reflefting 
bodies, it would be imjpofiibk for thin plates or 
.... .1 .bubbles 
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. bubbles at the fame place to refledt the rays of > 
one colour, and tranfmit thofe of another. For it 
is not to be iniagined, th^t at one place the rays 
which, for inftance> exhibit a blue colour, Ihould 
accidentally ftrike upon the parts, and thofe which 
exhibit a red upon the pores, of the body ^ and then 
at another place, wher.e the body is either a little* 
thicker or a litde thinner, that on die contrary, the 
blue Ihould hit upon its pores, and the red upon. its 
parts. Laftly,Were the rays oflight reflected by im- c 
pinging on the fblid parts of bodies^ their reflec^ons 
from poliJDhed bodies could not be fo regular as they 
are. For in polifliing glafs with fand, putty, or * 
tripoly, it is not to be imagined that thofe fub- 
ftances can, by grating and fretting the glafs, bring 
all its leaft particles to an accurate polilh, fo that 
all their furfaces ihall be truly plane or truly Iphe- 
rical, and look all the fame way, fo as together to 

* ccMTipofe one even furface. The fmaller the par- 
ticles of thofe fubftances are, the fmallei* will be 
the fcratche$ by which they continually fret and 
wear away the glals until it be polilhed ; but be 
they ever fo fmall, they can wear away the glafs no 
otherwife than by grating and fcratchirtg it, and 

, breaking the protuberances^ and therefore polim it 
no otherwife than by bringing its roughnefs to a 
very fine grain^ fo that the fcratches and frettings 
'of the furface become too fmall to be vifibje. And 
therefore, if light were rcflefted by impinging upon 
the folid parts of the glafs, it would be Mattered 
as much aad as irregularly by ' the moft poliihed- 
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glafs as bf die fotig|hrft. §6 that hf remains a prt^ 
blem,.ho# glafs pcdiAedf^jr fretidng ftrbftanc<?s aiti 
rcflcft light fo regulaFly oi it dfies.^ AndtMsr proHcnr 
is fcarce otherwiie to^ Bft fbiwd tftaa byr feying, that 
iki reflexion of a rajr is edited n6r by a lingltf 
l^ifit of the reffeftiftg Bbdy,^ bift by fome powcf 
of the body which is evenly diffirfbrf ail over its? 
fiirface, and by which if ads upoft die ray wirfrout 
immediate contadlt t. for that the parts of bodies da 
aft' upon. light at a diftahc^e^. has afread^ been? 
liiewn (361, T, u). 
p Now, if ligHt be refleftcd, not By iftipifegiAg; 
on file folid parts of bodies, but by fofhe other 
principle, it is probable th* as itiany of its rays* as^ 
impinge on the folid parts of bodied arc not re-* 
ie6tedy but ftifled or loft ui the bodies. For 
ethetwHe> tire muft allow two Ibrts of refleftions^ 
should all the rays be rdflefted i;i^hieh iitipinge ort 
the foiid parts <rf^ dear wateie 6t ctyftkl, thofe ftrb* 
ilances would rather have a cloiidjr cdouf than i 
clear trai^arency. To niafee bddie^ ItJOk black: 
in all pofitions^ it is Seceflary that rtiinj- rayS be 
flopped, retained, and loft m therii; and It it 
difficult to conceive that any r^s cih be ftopt 
and ftifled 'm them whteh dd hot ixiiflA^ 6a thcit 
parts. 

t Bo£es refleft and refebfi: fight by dite apd ttic 
fame power> irarioisfl]F C3»^cifed in various pjfcumi* 

ftances^ 

This ^pears &y feveral ccmfideratioAs.^ , Firft> 
Becaufe when £ght goes mt of glafs into ak as 

«bU%uely^ 



/ 
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.•K&I««iy w it sm poffiWy ,dp, if its iacidenop b^ 
m»4t ftUlj^io^ oblique, it bcQwncs toqdly reflefltcd 
J(*7fi> A.) for tl8Cj)o?»rcrpf.thcgl^s, after it hj« 
.ii«foi<fe^ ftbe %^t a? ftWiqHcly a$ is poffil^lc^ ^f ^<? 
#8C«Jbice Jbe ^]^ w%de :mQre Qhliftue, becon^es too 
ftrong to let any of its xays go through^ and by 
liCOai^ymce 5»iifes tptg^ xefiaSt^n. SccQiidly, Bc- 
,cgitfe jfght i^ j^tsm»%\y lefl^ed apd .traniinittcd 
:by:tMagpl<|tQPj^ffl«&|«rin8aayrf«c<^^^ (2iSjl') 
i^CQOi:$iingly .^ the fhicj^efs of t^ie pl^e increafes^in 
juiiaiithimtiq^ progreQipn. , for here the^c^eis 
/«f*hc gli^s.^taM:aiia§5 ja^^et^r that power by which 
g]9& p^:^pon Ught j(hgll caufe it to be reflected, 
,ar.f\tfier'it:to be tr^nfoiitt^d. And thirdly^, Becaufe 
iboiip furfaces.of tr^iparfnt bodies which have thp 
gr<»teft refeaftiog ;pgs/«r ,do ,alib jrefled die rjgre^tfft 
^quantity, of light (<492, b^s^) 

The-power by which bodies rc&c& aod ntfraA t 
light> is 1^ fanoe as .^^ihewn tabe.comaion to.ldl 
iKxlies^ and 'the (;:auie of the.inflefticm pf the r^grs 
of light paffing'in tlieir^vicinities (303, v)* li'or 
we muft ^dmit'no*nK)re caufes than, are true^ a^d 
ftrfficient ^o explain ^the phenomena (6^ iJ) Such 

r 

'acaufe-is-this; its^exiftence-beiog proved^ aadits 
adequacy to the e^lanaiion of the jefledtion wd 
'rcfraftion of light eofy to beihewn. 

-Let CD, j^g. S5,) repjrefent the fiiif^ce of, a a 

>trailfpai>€ftt body a^ contiguous either to a vacuum 

-$, or other nnedium poflefling 2).lefs power of refieft*^ 

kig'or -^lefradking^therays-of light. Let ejf repre- 

fent an imaginary .furface ^t :fuch a d/ftance from 

X 3 c» 
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' CD as to be fituated at the limit of attra6Hon^ 
(303, w) that is to fay, the fpace between e f and 
c D is that in which, if a raj of light pafs, it will 
be attradled by the denfe body a, and on the other 
fide towards b^ near the line £ f, a ray of light will 
be repelled. 

H Suppoie now g h to be a ray c^ light pafling 
within the rare medium b, obliquely towards the 
furface c d, and let the line or part k h denote its 
velocity. This motion may (23, t) be reic^ved 
into K I parallel, and i h perpendicular to c d. 
The attraftion or repulfion exerted by the ncarcft 
parts of the body a (and the other parts may be 
neglefted) or by thofe in the furface c d, muft be 
aflumed to aft in the perpendicular to that fur- 
face, becaufe no reafbn can be given why it ihoujd 
aft towards one fide more than another. It will 
therefore alter only the motion i h without affcft- 
ing K I. When the light approaches j£ f it will Ije 
repelled j and if the force of repulfion in arriving 
at £ f be greater than would generate the momen- 
tum I H, this lafl: motion will be entirely dcftroyed 
before the light can arrive at the imaginary fur- 
face. The aftion o( the repulfion, after it h^ 
deftroyed i h, will. Whatever m^y be its law^ prp- 
duce an equal velocity in the oppbfite direftiop. 
Confequently the ray will defcrit)e a motion com- 
pounded of H I and I L (^qual to k i) and in ttiie 
fame direftion; that is, it; will pafs through the lipe 
H L, making the angle of refleftion ihi equ^ to t|ie 
angle of incidence i h k ( 26 2, . y ) . 

Again, 
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. Again, fuppofe m n to be a ray of light paffing i 
within the rare medium b, which either by the 
tifiore direft courfe towards the furface or otherwife 
has the perpendicular part o n of its motion too 
^cat to be deftroyed by the repulfion experienced 
in ' approaching ef. It will pafs that imaginary 
furface, foffering only a diminution of its velocity 
■eftimated in the perpendicular on. While it goes 
forward towards c d, its velocity in the perpendi- 
cular will be continually augmented by die attrac- 
tive force 5 and if tl^ whole accelerating, force ex- 
ceed the whole retarding force, as in this cafe ex- 
perience Ihews it does, the light will enter and 
proceed in the denfc body with a velocity in the 
perpendicular qj, greater than it had before io 
o N ; the parallel velocity p o or s r ftill continu- 
ing the fame. The ray qj will for this reafori 
make a lefs angle sqji with the perpendicular 
than before, inftead of continuing in the line n u 5 
that is, it will be rcfrafted towards the perpendi- 
cular by entering the denfe body (262, a)* 

Again, fuppofe vw to be a ray of light pafllng ic 
within the denfe body a, obliquely towards the 
lurface cd. Refolve the motion reprefented by 
YW into YX and xw, the firft parallel, and the latter 
perpendicular to cd. The ray will pafs out of 
the denfe body into the ipace between e f and c d ; 
where, ' if the force of attraftion towards c d on a 
ray during its pafiage to e f be greater than the 
momentum x w in the contrary direftion, this laft 
lifiotion will be entirely deftroyed before the light 

X 4 caft 
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can mvK -at the imagmary fiirftce. Whenfie it 
ToHows, thfU for reafons fimilar to thofe iiifed in 
i|)eakmgof tberay oh {3109 h)^ the wf^^'miXbt 
again returned towaxds c d^ with a velocity equdl 
<and contrary to s w, which, together with X2» the 
^ntinuation of the uniform and unaltered "veioeiflr 
YX, will compound the a&ual motiOfi'Wfij imkii% 
the aiigle of o-efledion xwz equ^*to the ai^e >Qf 
incidence x w y • (afia, y), 

X l!yaft}y> dippofe T^^to ht n ti«y of 'fi([ht/pafli^g 
within the -ddnfe body A^ Which eidier hy tfaetnmt 
direA courle towards ^e furface, *orbthcrw2fe, *iiai 
%he perpendkmlar^fMrt si^of 'ib -motion too sgjom, 
to be^efitojtad by thfc-attradidneBiperienced >ia -Jts 
tpsSS^'to'fL^. It w}ll pafediat imaginary iiiifaeQ^ 
^JftiSeri^g^tfiHya dimtmition-of its ^vdocity lefldmacdd 
lin^the pbtpendicnikr '$(u When it has %oile Hic^ 
if6fA ff%9 'its i^ociiy in thespeipendicular wSl ht 
contifwiiDy ai^gnnented fay the fepdlfive ^£btc6; taifd 
iPthe whole aeeelerating force beUfsftimn'therwhsfe 
retarding forccj-^uh thi$ ca& experience! ihews it is, 
the^light'will^enter, and proceed in, the nrc^me^ 
Idiym with ^ yelddty in thetpei|)endicular vo, Ifeis 
than it bad before in $<l^} 'the parallel velocity ^m 
or orp ftill continuing the ianie. The ray-K-p will 

. -for this reafon*make axgreater-ang}e onp with-the 
perpendicular than before^ that is, it will .be^ie? 
fradted frpm the.peirpeiKiicular by entering the rare 
medium (26a, z, a)* 

M From thefe confiderations it is deduced aIfQ> 
th^- the rays of light are notrefra&ed ' or raftedcd 

all 



«U m, floimae^ J^Kt in it&ii3iosi teoc imo a tcwMr 
)^;iiir aftion c^ the ho% &ui3'tt> mtoniibc^uc&ce 

4i«i^ ^0buid hii;v9e doaf ^ 4f io^ idonfitjr had conti* 
iiioed 4he iame «bK>qgh the wkoJe ^goi;8& of 4iip 

4lK -du^ioBi >of ^ti^ ;pe]giejQ4HH]Ur ^to the fiurfacte 
4if a 4KM|jb ^^<»eis •pot 4eftnigr 'l^ laotiQQ of ti^ 
a«)r aH at »0hfi^9 ibut b^nds at feack Jn "a «oui^4, 
Whieh fei^ whtin it Am ^doftri^ed that part -iif 
ntheomtien tof ate f^^vhioh-leiidsd pe^ndiiml^i^ 
4Mralik'the tconunon furfaac lof .the ^a^cent >ii99^ 
(fdiioii;, 'mtlft .teflaft ^ :i«^ ^ilh «'an requal ^angfe 
a(hd>d9gkw Df vd&Qii^fOnfthe ^pofiie fide 'Of <tfa^ 
igpaiffeniUoular^to tb? iMOitit of iacsdeiice^ c>rveneK 
«iOkf tbe 64iiev)e. Xhis i|s^^^4knt from what ha$ r^ n 
arta4y Jbseti iaid oti die %^gi»np(^tion ^«iid frefelu^m 
.of iiHotidn .{fi2f9 ^)> ^^u^ 'i^yi $Mrhiap4i ^chout 

4 

i€ii0erii|g intaparticular eiiplaiKai0mi JbefQ^reisea(y|(^ 
4:andriyad i^ ^atiendii}g to, the mota>ns%^f ^hlodks 
.pr^(ji9Ekd obliqiialy fiK)m «tJ|e ^^Qai^h's ftu^ei; -ffir 
Jitre>tiiei4ircemling» ortpaQ)ei«lkutar[p$rtiof the.nio-* 
.fiontisigFsdiiaUy deftcojred^by ,the (ccmiiauallyad- 
'iog^/orae/^andrdnevy, funilar^ ;and e^ual motion' is 
j^^enarated in the 'coatFary idiroSiioo, iwhichi ^ ' 
flrafting the eSeft^of 'the -air^^s irefiilam^i :cailfe$ 
the body to fall under an equal angle, and widi 
the fame velocity. 

If the forces of bodies upon the particles of q 
light be fuppofed to aft equally after the ratio of 
the maffes of the particles, the rays will be all 
; . ; equally 
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rqndlj rcfn&cd or reflcdcd, ho^ireiTr difierent 

t thdr maflesj provided their velocities be equal* 
If the lame law of the forces be (uppofed^ and die 
velocities of the particles be various, dioie which 
tnove with lefs velocities will fuffer a greater dc- 
•flcdion than diofe which move with greater vdo- 
' cities.* The varying refrangibility and reflexibility 
of the rays <^ light tnuft arife either from die va- 
rious velocities of the particles themftlves, or from 
the d£tion of bodies on the particles being ftronger 
on fbme than on others, after the ratio of. their 

<L^maf]es« If the various velocities were the cauie, the 
moons of Jupiter, after being eclipfed, ought to 
appear illuminated with a variety of colours, in 
futceflion, as the velocities of their conftituent 

' rays caufed them refpeftively to arrive at the eye 
of the obferver : and when light is diiperfed, by 
rcfraftion, into its component colours, the quan- 
tity of thii dilperfion ought in every medium 
to be equal at equal mean rcfraftions of the 
^hole ray : both which are contrary to experience, 

R Whence it follows, in order to produce the va- 
riety of refraSion or refleftion which happens in 
the leveral rays of light, bodies mufl afl: on fbme 
of the particles of light more ftrongly than upou 
pthefs, aftpr the ratio of their majQTes, 
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CHAP. I. 

CONCERNING THE KEFtECTION AND REFl^AC*- ^ 
TION OF J.IOHT BY SURFACES REGULARLY 
FORMED. 

BEFORE the difcoveries of Sir Ifaac Newton a 
had fhewn the compofition of white light, the 
fcience of optics confifted of proppfkions in which 
the rays of light, were always llippofed to be equally 
refrangible or reflexible. And, indeed, though 
the difperfion of light, when refrafted into its 
component colgurs, is the greateft obftacle to the 
pj^rfeftion of the infti-uments now made j yet on 
moft pccafions, with relpeft to vifion, we may re- 
gard a ray of white light as ftill continuing white, 
jven after refraftion. For the colours of the ipec- 
trum into which it, is dilated, are fo near each 
other, when the incidence is near the perpendicu- 
Igr, that to fenfe they form a white very little dif- 
fering from that of the incident ray. But in ftricl- b 
2 nefe. 
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nefs^ thr general prancipks of opHcs are true 011I7 
of any fingle kind of fays. 

c That bodies arc vifible only by means of the 
light which they emit or -reflefl:, is too evident to 
need any particular proof ; and that every point 
of an illuminated finface emits the rays of light 
in all diredions, is clear from the vifibility of the 
furfacc, to an eye in any pofition whatfoever : for 
if any part or-fenfiHcpokit <^«ihe -fiirface did not 
emit light in a fuppofed or given direddon, thst 
point, to an eye plaoed ip that difeftion, muft be 
invifible. But this effeft never happens. 

p The *rays -Which proceed ifrom ^ 'poxnt aje aeeeP 
T»rfty divergent, ^>«t if Ihey M on ^ reflefting 
or refrafting furface, they will be fcatterediniuch 
direftions as the conftruftion of the furface pro- 

B duces, Tf the forfece 'be properly "fbrm^^ Ae 
i^^hde-bcam of rays may proceed, after refldtew 
or refraftion, cither ^diverging finom 'feme oAer 
jyoint, or paraflld, or converging ^o>a point* 

w ^hc?i the rays ^hich are emitted or tproceri 
Tfrom any point are confidered, that 'point iiscaltod 

c the radiant pointy when the rays which -proceed » 
any point are confidered, that point is called die 

H foqus } and v^hen the rays yihich ^proceed -from ^a 
whole -fyiface or objeft, are confidered, thc'faotijr 
jof-rays which is emitted from any one ^nt, or 
as. much of it as -is applied to 1^, is -called * a 
.pencil of rays. 

I .'Since a pencil df rays, eman^ng from any 
given point of ^fp^ce, is the means Hby -which -Ae 



figkt bSSsMA i»> dlaf A bad)r eziftf ator nthiBt. 
f&inti it^ » plain clutt im ard fisUe ta dttccpdoa. 
iit <hi» i:e^)e& : for if tikie pencil be fa aScde^ 
d^Htt* by i«tflQ£fci«i& Of rc£b£iaan^ as to poocexad 
iA& a^.dii^efit < fe»eiyi ic y .or direfHoiv tha& iasi,. 
id die^ (krhd mcttner at k vmeid h3»t pcoceeicAi X. 
cMilted from fbiYie other ponus of fpacs^ thet ^aoAr 
i(^ refW die pl«te of die objiea to the poirtft 
if^bich f s N^ the dire^bioo oC the kft ooutib of the 

Tlms$ if MR (fig. i6S^ ttpnfmt the fdffion ^ > 
a pl^e i^irror; and ol^ an obj6ft, tkm the pten« 
«I^ o^t^ and i^t> being lefttifked at c and ix^ wiU. 
pMee&f td th6 eye at i> in the fitfne mfuiodt «|.]£ 
iemitted from poiiUs fitiitttfld at t tad m^ and tbcr 
&me happenirfg to th# pmoils which ace emiitnl 
fiom die inteim^iate^i^iifti^ tafwein 61 and t^ the 
fenfe wai refer th« pbi£*^f the 4Sb)e£t to tu. Tim 
&ne h^pen» by tekiu^im, di k^MU fttxo tbf 
^onfideration of %. 7 j. (l*;}", i)» 

If a pencil of ray^ be lefidifted ecttm^entv fi & 
aj to meet and eiofi dM^ <«hi»' h) ^ peinr^ they nill 
afterwards diverge^ and idlt fdAfe^^ Kill lefer tfat 
place of the radknt point w cbfoft go the Ibcua 
Of die converg^t ntfis fiOrtt whkh the dmngenot 
was hit: rtiade ; andi that f^ of «iy ^Ntnitiaf te 
r en d etr d thm eonvi^m> ekher bf leQie&ioii «r ' 
ttfraAion^ is eaffl|^ (hewil^ 

Suppofe It {Rg. 9j^} td bfr a pa4ite» hk any. ib* bi 
luffiinMed ^ lunniJtoiri obj^ whith wta^^pBOf^ 
cil coofiftin^ of fcveo ray« of Hght^^ r jj^ it t> tt|u 

mo* 
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RD, RB, RF, RO; Ict thc ray RA be received on 
aipecultstn^ ib placed as to refleft it throq^ the 
point s : . let another fpeculum be adapted to re- 
ceive and refled RB alfo through $ ; and, in like 
mahoer^ let the other rays be reflected through the • 
fame point ; and the point s will become a radiant 
point) by n^eans of the divergent rays, and i^ill 
afil^ the fenfe in the fame manner as if the^ rays 
aftually flowed . from a body placed there. If 
the fpeculums be fuppofcd to touch each other, 

r they will form a polygonal* concavity. Suppofe 
now the number of rays> . inftcad of feven, to be 
infinite; then the adapted refleding furface ag^ 
inftead of polygonal, muit become curve, by rea- 
ftm of the infinite number of fides. The fame 
ceafoning aiay be ^^pp'lied to rays, which, inftead 
of being emitted from' a point,, or diverging, fall on 
diCA' rcfk&ing fjgiriace, either converging to a 
pOtnti or parallel to each other. . It is thereibre 
poflible to conftryft a jGjperficies that fhall rcfled 

/ ihto* a focus the rays ^, of light, which, either by 
converging or diverging* arc direfted either to or 
from any particular point. , 

N a Upon die iame principles may be conftrudcd 

4 

^)eculums, cwhich fhall caufe the rays, after reflec- 
tion, to diverge from any giycn. point behind the 
o »fle6ting furface. . TJiqfe fpeculums, which caufe 
the rays to become more divergent muft be convex, 
•and tho& which caufe them to become more con- 
•vet-gwt muft be concave^ asmay eafily be ixaar 

The 
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The celebrated Aixhirifiafes, at the ficge df Sy- p 
racufe, is faid-to- have dcftroyed die ihipsof Mar- 
cellus, by' a machine 'compofcd of ^eculumsi 
Since a plane* fpeculiuni* in theory, ^fleds all Ac 
light which is incident upon it/ tindtr. die fanie 
affeftioiis with which it wak incident ; 'the -riiy^ of ^ 
die Suri, which, as comihg from a taftly • diftant 

objeft, may be effeemed jparallef, will bc-rtHefted 
parallel to each other ; and cbhfcqueiitly will heat 
and illuminate any fubflance on which' they fell 
after refte6ti6ni in the fame manner as if flie Sun 
(hone dire6Uy upon itl 'Two Ipeculiims, • which 
tefleftdij: Slfti's' light on- the tame fubftahce^ will - 
heat it 'twice as much as the Sun*s dired •light. 
Three will^ in like circumftances, heat it thre« 
times as -much. Arid, byincreafing the number 
<rf fpeculums, a prodigious degree of heat may be 
produced ; - more than fuffi<^ient to confume sind de- 
ftpby any inflammable fubftance. 
* Though, a plane fpeculum in theory is luppofed q 
to refle6t all the light which falls upon it, yet in 
pradice almoft half the light is loft, on account 
of the inaccuracy of the plolilh, arid the- want of 
perfeft opacity in the fubftance of the mirror; 
on which accounts it happens that a confiderable 
part of. the light is fcattered in all dire^ons, 
land 'another part is abibrbed l^y the body« The r 
indefatigabfe ' BiifFon, in die year 1747, was thcj' 
iirft of* the inoderns who conftrufted a Ixirning 
machine -of this kind. It conlifted of 168 qu^** 
fUvered glalTes or Ipecula, each 8 inchoa long and 

6 broadj 
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6 bmdj^ fii fQptrwed|( 4u|t the iixj^ 4^to:e o^ 
bft Tarisdj^ «d olfa the mmber 0C gW2c^ as ocr 
<;afiai<^ m|uksd^ la the month oC March, ^7479 
wth 4a ghrflfia h^bwQC a. piapk;, at the, cPaaoe 
^aboi*7o&ct. . 

g Ifa^bod^oCdf^, viijgiktvjiicK p^focoe^ paoi^ 
U> cRTj fay coav^rgpi^ or djv«rg;vig| lefg^Sta «, 
|^¥n Eol«» 611 OA thc^ imevcediot fiu^w^ of t;im 
Skoiiuma of diSerent idraduig fomc^^ thc! ^ap 
ma^ be fo refrafted» if thefiurfeoe be lightly fQimie4» 
ij» to proceed parallel^ or to qcfny/^i^gs (^ qc tt) 
diva|;e fjrooVr ^^ <>Aef P^^injt. 

T Leo the potygonal fiufaee ii j c d e.f q (fig. g(|.) 
];f|)rereiit the fittfaee infer cedent between iwq nur 
dkms, theiwer being fituatri 00 the G^ tc^^rds 
It, and the dcnfer tomuds ai and kt a^ peat^il, 
conipoftd of feven cayn, ]itA> kq, i^.e^ «jI^ lifi, 
itft R c> be incyknts each raf on a dificr^tplm^ 
as rcprefented in the figure. Suppoie Ae »iy »,A 
to be received on die ftirface at a% with %^ aigle 
of incidence that correffionda to the angk eif r§T 
frafkion vvhich de6i?(^ the ray to the point a* Ab4 
fijppofe the ray a a ttii be received hrfa ohiiqwfy> 
pr at a ccs'tain kfs ao^ of incidence ^ it& angk of 
ftfrafliott will alfp be k&, andir wiU proceed » 
a* And let a fimiW ae^uflxnent of the pianca ac 

; €^ P3 fire« be &ppoie4 and die other raya will bt 
refri^Stod 10 the &iiie point. Or i£ s be iappoAi 
^ radiant pointy the osedinnna fadng as befiw^ 

V the focua wUl be ac a^ It ia i^efoce |dam» diar 

t^ protoedine ttit of n race into a dea& n^^ 

are 
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are rendered more convergent by a convex fiirface, 
and rays,' proceeding out of a denfe into a rare 
medium, are rendered more convergent by a con-» 
cave furface; and the contrary. Let the pencil 
Cofilift of an infinite number of rays, and the 
polygonal furface, adapted to refraft it to a point, 
will, by reafon of the infinite number of its fides, 
become a curve. The fame argument may be 
ajjplied to rays that* are either convergent or 
parallel at their incidence on the refradUng furface* 
Confequently, the intercedent furface of two me- 
diums may be fo formed as to refraft into a focus, 
or render parallel, or divergent thofe rays, which, 
at their incidence are either parallel, or do, by 
converging or diverging, refpedt any particular 
point. 

From the c&sHifhcd laws of refle^Hon and re- v 
fraftion, it is not difficult to inveftigate the nature 
c£ the curves, into which the before-mentioned 
fiftfaces ought to be formed- But as the errors w 
that, arife from the ufe of Ipherical fiirfaces are 
very finall, and n\ay be remedied by other mj^ans, 
and the mechanical or praftical confiruftion of the 
required curves is very difficult, the parts of op- 
tical inftrunients are coinnK>nly formed fphericah 
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CHAP. II. 

or DIOPTRICS; OR THE REGULAR REFRACTION 

OF LIGHT, 

X •^LASS being a medium denfer and more 
VJ refra&iiig than the air, is ufed to make the 
tranfparent parts of optical inftruments which are 
conftrufted to aft by the principle of refraftion. 
A piece of glafs properly figured for that purpofc 
is called a lens, and is diftinguJihed by the nature 
of its furfaces : thus a (fig. 89.) is a plano-convex, 
B a double convex, c a plano-concave, d a double 
concave, and e a convex-concave. 

y The two firft lenfes, a and b, nearly refemble 
each other in their properties ; for they refraft con- 
verging or parallel rays to a point or focus, and 
refraft diverging rays, fo as either to make them 
meet in a focus or proceed lefs divergent than be- . 

z fore. If AB (fig. 71.) reprefent a double convex 
lens, and r a radiant point, then the rays which 
fall on the lens will be refrafted to f, if the lens 

A be of the requifite convexity. For the rays that 

fall on the convex furface a c d. are rendered more 

convergent, and are made to converge ftill more 

by falling on the concave furface adb (320, u). 

The two following lenfes, c and D (fig. 89.), are 

referred to one fpecies, on account g[ the refem- 

blance of their properties ; for they render the Wim 

. cident rays more divergent than before, and there- 
fore 
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fore caufe diverging or parallel rays to diverge from 
an imaginary or virtual focus, and refraft con- 
verging rays> fo as cither to make them diverge 
from an imaginary focus, or proceed Icls conver- 
^ gent than before. If ab {fig. 91^) reprefent a b 
. double concave lens, and r a radiant point, then 
the rays which fall on the Ipns will be rendered 
more divergent, and will proceed as if they had 
proceeded from the point f, which . is called the 
virtual focus. The fifth len§ e refembles a and c 
B, if its convexity be deeper, or a portion of a 
lefs iphere than its concavity : but if the con- \ 
cavity be deepeft, its properties refemble thofe of 
c and D^ . 

In the four firft lenfes, the changes made in the d 
courfe of the rays are more confiderable the more 
the furfaces are curved i but in the laft the changes 
are more confiderable, the more the curvities of the 
two furfaces differ from each other. 

A right line, as rf (fig. 90.) pafling through 8 
the center of any lens, and perpendicular to 
both its furfaces, is called the axis of the lens. 
The focus of rays that refpeft the axis, either b/ 
falling parallel to it, or diverging from or converg- 
ing to a point fituated in it, is found in the axis^ 
and is called the principal focus, 

A right line drawn from the point of convergence p 
or divergence of any pencil of rays incident on a 
lens, through the center of the lens, • will paft 
through the focus of that pencil, if the point of 

' Y a convergence * 
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convergence or divergence be not fituated far from 
the axis. 

c The rays of K^t which diverge from the focus 
after pafllng through a lens, will occafion the fenfe 
to refer to that point, as if occupied bjr a lucid 
objeft (316, i) J the focus, therefore, may be iaid 
to be the piAure or image of the radiant point. 

, And as a furface may be conceive to be com- 
pofed of an indefinite number of radiant points^ 
the like number of focal points will appear, and 
confequently a fisface will be fcxrmed that will be 

H die image of the radiant Airface. Let ob (fig. 92.) 
repreftnt an objeA, and l n a <}oubfe convex lens; 
from o and b through c the center^ draw the lines 
o CI and b c m, and the foci of the points o and 
B will be found at i and m in thofe lines {3233 r), 
more or lels diftant fix>m c, as the cundcy of the 
fiirfaces of the glafs is le& or greater. The foc^ 
of the radiant points fituated between o and b will 

. be found between i and M, by the &me procefs. 
Confequently an image will be there formed, refem- 
bling the objeft, from each point of which rays 
of light will diverge in the fame manner as. fitmi 
a real ofaye^; and its pofition, by reafon that the 
rays a^s at c^ will be inverted, or contrary to 

I the objed itfelf, as appears by the fi^ire. And 
becaufe the triangles o c b and i c m are fimilar, 
ihe linear magnitudes of the image and the objeft 
be to each other le^edively as their diftanoes &oai 
ihe lens ^ for. 

As 
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As the fide c a, or diftance of die obj«ft from 
die lens. 

Is to the fide o b, or length of the objeft> 

So is the fide c i, or diftance of the image. 

To the fide i m, or length of the image. 

Again, let oi (fig, ^3.) reprefent an objeft, ic 
and L N a double concave lens ; draw o c and b c, v 

and the virtual foci of the points o and b will be 
found at I and m in thofe lines (322, f), more or 
lefs diftant from c, as the curvity of the furfaces 
of the glafs is lefs or greater. The intermediate 
points of the objeft will have their intermediate 
foci between i and m, and the pofition of the image 
will be ereft as well as the objeft. And becaufe l 
the triangles o c b and i c m are fimilar, the linear 
magnitudes of the objedt and image will be as 
their diftances from the lens. 

Hence it may be eafily conceived, how convex M 
lenies become burning-glafles. For, as the objeft 
and image, if viewed from the center of the lens 
fubtend the fame angle, and the Sun is feen under , 

an angle of about half a degree, we may readily 
find the denfity of the rays which form its image 
in the focus of any lens. For example, if a lens, n , 
four inches broad, coUefl: the Sun*s rays into a 
focus, at the diftance of one foot, or twelve inches, 
the image will not be more than t^ of an inch 
broad. The furface of this litde circle, there- 
fore, will be 1600 times lefs than the furface of 
the lens, and confequently the Sun's light muft 
be fo many times denfcr within that circle. No 

Y 3 wonder. 
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wonder, thci;, that it burns with a degree of 
violence and ardor far exceeding that of any cip- 
linary fire. 

If a paper or white fubftance be held in the 
focus of a convex lens, the feveral foci of the ra- 
diant points of objefts fituated on the other fide 
of the Jens will illuminate as many points on the 
paper; which illuminated points agreeing in rela- 
tive fituation, irilenfity, and colour with thofe of the 
objedls themfelves, will depift an exaft and lively 
perfpeftive^ view of the fame, though by reafon 
of the crofling of the Vays, it will be inverted. 
But this phenomenon is fcarcely to be feen, if any 
light be permitted to fall on the paper befide3 
that which paiTes through the lens; for which 
purpofe the lens may be fixed in the window- 
fhutter of a darkened chamber, as we (hall have 
occafion to remark in future. 
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CHAP. in. 

OF THE EYE; AND OF VISION. 

IF the conftruftion of the univerfe were not {o t 
evident a proof of th^ cxiftence of a fuprcmtly 
wife and benevolent Creator, as to render particular 
arguments unneceffary, (162, a) the ftrufture of the 
eye might be offered as one, by no means of the leaft. 
l^his inftancc, among numberlefs others, demon- 
ftrating that the beft performances of art are infi- . 
niteiy (hort of thofe which are continually produced 
by the divine mechanic 

Though the apparatus, by A^hich the eye is q. 
preferved and kept in a ftate proper for the quick 
motion and accurate direftion towards the objeft 
to be viewed, is well worth attention and remark; 
yet, as it does not immediately come under our 
notice as illuftrative of the principles of optics, we 
(hall confider only the globe of the eye, or organ 
by which vifion is performed. 

The eye is compofcd of feveral tunics or inte- r 
guments, one within the other, and is filled with- 
in with tranfparent humors of different refraftive 
denfities. The external tunic called the fclerotica, 
is white on the anterior part, except a circular por- 
tion immediately in front, which is tranfparent, 
and more convex than die reft of the eye : this 
tranfparent part is called the cornea. Immediately^ 
acihcrent to the fclerotica withii^ is the choroides^ 

1r4 W 
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or uvea, which, at the circumference of the corneal, 
becomes the iris, being expanded over great part 
of its furface, though not contiguous to it. The 
iris is compofed of two kinds oi mufcular fibres i 
the one fort tend like the radii of a circle towards 
its center^ and the others form a min^r of con* 
centric circles round the lame center. The central 
part of the iris is perforated^ and the orifice, which 
is called the pupil, is of no cmftant magnitude 9 
for, when a very luminou* objeA i$ viewed, the 
circular fibres of the iris contrad, and dirninifli its 
orifice ; and on the other hand, when objeds are 
dark and obfcure, the radial fibres of the iris con- 
trad, and enlarge the pupil fo a$ to admit a gi^aier 
quantity of light into the eye. The iris is varioufly 
coloured in different perfons, but according to M 
certain rule ; in general, they whofe hair and com- 
plexion are light coloured, have the iris blu^ or 
grey j and on the contrary, thofe whofe hair and 
complexion are dark, have the iris of a deep brown. 
But what Ipecific difference this n^ay occafion in 
the fenfe, or whether any at all, is not difcoverable, 
Within the uvea is another membrane, which at 
the circumference of the * cornea becomes fibrous^ 
and is called the ligamentum ciliare, This liga- 
rnent, is attached to the circumference of a double 
convex lens, whofe axis correlponds with the center 
of the pupil 5 and whichj h;^ tntzm, of the fibres, 
cap be altered in a fmall degree in pofition^ and 
perhaps in figure, The lens is termed the cryftal* 
line humor ^ and is included in a very ilrong . and 
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tranfparcht fticmbranc, called the araehnoides. 
Between the cryftalline humor and the cornea is 
contained a dear tranrparent ftuid^ called the aque- 
ous humor i and between the cryftalline humor 
and the pernor part or bottom of the eye is in- 
cluded another ckapr ' trdnlparent fluid, which is 
termed the vitreous humor. The refraftive denfity 
of the cryftalline i$ greater than thde of the hu- 
mors that furmund it. On the fide next to the 
nofe a nerve is inferted in the bottom of each eye, 
about twenty-rfivc degrees from the axis of the 
cryftalline, which, after entering the eye, is Ipread 
into an exceeding fine coat of network, termed the 
retina. Laftly ; a very black mucus or flime is 
fpread over all the internal parts cf die eye, that 
are not tranfparent, except the anterior part of the 
iris, which, as before obferved, is coloured. 

In the figure, the three concentric circlei a b c ^ 
(fig. 94.) reprcfent the coats of the eye. The 
»ternal coat, or fclerotica, is transparent, and more 
convex between a and b, akb being the cornea. 
The fecond tunic, or uvea, is fibrous between q 
and I, and between c and h, and is the recalled the 
iris 5 the hole i h is the pupil. .The third coat be- 
comes fibrous between d and e, and between o and 
F, being there called the ligamentum ciliare, and 
is attached to the circumference of the lenS or 
cryftalline hunfK>r ef. The cavity or chamber 
' A B F B is filled with the aqueous humor, and the 
chamber o n o f e i s filled with the vitreous humor. 

I 

At N is infcrted the optic nerve, the expanfion of 

which. 
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which^ over the internal furface dkc, is the 

retina. 

T The manner in which the eye afts upon the 
rays of light may be thus explained. Let o l re-. 
prefent an objeflj and fuppoie a pencil of light to 
proceed from o^ and enter the eye i then^ becaufe 
the cornea is a convex concave lens, whofe con- 
vexity is grcateft, (323, c) the rays will be rendered 
more convergent in pafling through it j and if the 
cryftalline be properly formed, they will be rc- 
frafted by it into a focus at c on the retina. The 
fame will happen to the pencil which proceeds 
from L , whofe focus will be m ; and the foci of 
the intermediate points will, be between m and c : 
confequently an inverted pifture or image will be 
formed on the retina, and fenfation be produced 
by the aftion of the light on the expanfion of the 
optic nerve, which from thence is conveyed to the 

u fenforium. And that the parts of the eye are adapted 
to produce fuch an image, appeai-s likewife from 
experiment : for if the tunica fclerotica be care- 
fully taken away from the back of the eye of any 
animal, the inverted pifture .of external objefts 
may be feen on the thin membranes which remain. 
Neither is the inverfion of the image any obftaclc 
to the mind's conceiving that the objeft is ereft; 
for a focus at m may be confidered as the indica- 
tion of the exiftence of a radiant point at l, and a 
focus at^ c may indicate the exiftence of a radiant 
point at o ; and fo of others, the mind contem- 

V plating the objed itfclf, and not the image 5 befides 

which. 
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which, we have notions refpefting polition that 
are not derived from the fight, whence we judge 
whether a wall is perpendicular or a plane level, 
&c. Thefe notions are derived from a perception 
of the direftion in which gravity conftantly afts; 
to which direftiori we always refer. Whence it 
happens, that though the pofition of the eye ^ ever 
fo much changed, the idea of the pofition of objedls 
in view remains unaltered. For example ; if an w 
obferver view an upright pole orftaiF, the image 
of the pojcf on the retina will be in a line at right 
angles to the opening of the eyelids, provided he 
holds his head upright ; but if he vary the pofition 
of his head, the image will be formed in a different 
pofition, and upon a different part of the retina: 
notwithftanding which, he conftantly imagines the 
pole to be eredt and unaltered, 

Becaufe the foci of rays that differ in divergence; x 
are found at different diftances from the lens, thofe 
which diverge lefs coming to a focus fooner than 
thbfe which diverge more, it is neceffary that the 
eye fhould be adapted fo as to aft upon the rays 
that arrive from points at various diftances, and 
to bring them' to a focus upon the retina. The 
natural ftrufture of the eye is fiich, that parallel 
rays have their focus on the retina j and when the 
. proximity of any objeft caufes its rays to fall with 
a greater divergency, the pupil of the eye contrafts 
and excludes the moft divergent rays, at the fame 
time that the cryftalline is brought forward, and 
perhaps rendered more convex by means of the 

ligamentum 
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ligamcntum ciliare^ by which provifions the foctnr 
y fttll falls on, the retina. This adjuftment of the 
eye to the diftanees of objefts gives the reafon wh^ 
we cannot view a near and a diftant ofcgedl at the 
fame time ; fbrj if a hair be held at a few inches 
diiktnce between the ejre and a remote objeft, fup- 
pofe a tree at half a mile dillance, the tree will 
appear confufed and indifHnft when the attention 
is fixed on the hair^ and the fame will be the cafe 
with the hair when the attention is iixed on the 
diftant tree. 
z There arc fome eyes naturally fo dcfeftive, that 
they cannot efleft this adjuftment. Thofe which 
arc replete with humors hare the cornea and 
cryftalline too convex, fo that die pencils come 
to their foci before their arrival at the retina, 
where they fall in fmall circular (paces inftead of 
points, and by thexr inteifeirnce render the image 
cOnftiied: on die other hand, if the humors be 
deficient in quantity, the cornea and cryftalline are 
too flat, and the pencils of rays not being foffi- 
ciently refra&ed, arrive at the retina before their 
union in dieir foci 3 whence ariies the fame confu- 
fion in die image as in the former cafe. They whofe 
eyes are imperfe& in the firft manner are called 
myopes, from their winking or clofing their eye* 
^ lids, but more commonly near-lighted because they 
fee very near objeds diftindHy^ the divergency of 
the rays caufing their foci to fall on the retina. 
They whofe eyes are too flat are called preft)yt2B, 
becaufe the imperfeftion of the light of old men 

being 
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beii^ occafioned by adepay of the humocSy is ge« 
nerally of this kind. Both thefe imper&dions xxisKf 
in a great noeafure be remedied by the ujfe of pio* 
per i|)e6b.t:les. Since the rays conwrge too Gion 
in the eyes of myopes^ it is plam that z concave 
lens interpofed between the object and the eye will 
cauie the rays to fall more divergent, and confer 
quently will prevent their converging to a focus 
before their arrival at the retina. And die cays 
may be made to converge iboner in the cyc$ of 
prefbytse, by means of <x>nvex ipe&acles, fi> that 
tjncft being already convergent when they enter the 
eye, will be (ufikkndy refracted by the cornea and 
crylblline to have their focus on the retina^ and 
cauiie diftinft vifion. 

Thefe imperfeftions are much more fiiequendy a 
the oon&queoces of habit than is gieneraUy ima* 
gined. Studious ixien are generally mV'H&laetL 
whereas failors, fportfincn, ^d oth J, who 4 «fcd 
to fix their attention on remote obje£ts, are ntK^rc 
flibjeft to the contrary defeft. The eyes of old men 
have another defedt, namely, rigidity, or a want of 
the power of adjuihnent, fo that it often happens 
that they require concaves for diflant and convex 
lenfes for near objefts, being capable only of feeing 
obje£ts diilindly with the naked eye that are at 
a nioderate diftanCe. Everyone fliould avoid the > 
ufe of ipeaacles as much as poffible. For, though 
they render vifion more diftinft, yet, they never 
fail to increafe the defeA of die eye, fo as in time 

to 



to render it almoft impoflible to fee without them 
with any degree of diftinftiicls. 

The eyes of various animals are accommodated 
with great fltill to the exigences of their fituations. 
In filhes the cornea is almoft flat, that it may be 
no obftacle to their Ipeed jn the water, *but this 
is compenfated by the cryftalline, which is Ipherical, 
and therefore adapted to perform the whole necef- 
fary refraftion of the rays. And in cats and feme 
other animals that prey in the dark, the pupil of the 
eye is fo variable as to admit more than an hun-* 
dred times the quantity of light at one time thaa 
anodier. The human eye admits more dian ten 
times the quantity of light at one time than at 
another, and perhaps the differences may be mucfe 
greater in very dark places ; it is not impoflible 
but that the iris may be then almoft intirely drawn 
back, and the pupil expanded to the whole furface 
of the cornea. 
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C H A P. IV. 

OF REFRACTING MICROSCQPES ; OR THE DIOPTRIC 
INSTRUMENTS, BY MEANS OF WHICH SMALL 
AND NEAR OBJECTS ARE SElEN MAGNIFIED. 

THE apparent magnitude of any objeft c 
is meafured by the angle under which it 
is viewed by the eye ; confequently . the apparent 
magnitudes of two or more objefts may be the 
fame, or may differ in any proportion, let their 
real magnitudes be what they wilK Thus, the ap- 
parent magnitudes, of c», f g, and h i (fig, 95.) 
are equal when viewed by the eye at e, becaufe 
they arc feen under the fame angle, though their 
real magnitudes are very different : and the appa- 
rent magnitude of a b is greater than thofe of the 
former three, becaufe it fubtends a greater angle, 
though its real magnitude is equal to that of c d, 
and lefs than thofe of f o and h i. 

The image of any objedl on the retina will be d 
greater or lefs in proportion to its apparent mag- 
nitude, and therefore the fame objeft is feen more 
enlarged and diftinft the nearer it is brought to 
the eye, provided its diftance be fufEciently great 
for the rays to fall nearly parallel on the pupil : at 
Jefs diftances it continues to be enlarged, but is 
confufed. The leaft diftance is about fix inches. 
The eye can juft diftinguifli objefts that fubce d 
an angle of half a minute of a degree, in which 

cafe 
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cafe the image On the retina is Icfs than the -ri^-^ 
part of an inch broad, and the objeft, fuppofing 
it fix inches diflant, abput the ttW part of an inch 
br6ad. And all fmaUer objefts are invifible to the 
naked eye. 

The inftruments by which thofe fmaller objefts 
are rendered vifible are called microfcopes, and are 
conflxufted in two diffcreixt methods. The one is, 
by the interpolition of a convex lens between the 
objed and the eye, to render it diftinft at a lefs dif- 
tance than fix inches, by which means its apparent 
magnitude increafes as the diftance is diminiflied: 
and the other is, by placing the objeft fo with re^ 
lpe61: to a convex lens that its focal image may l:)c 
much greater than itfelf, and contemplating that 
image infl:ead of the objeft. The firft are called 
fimple or fingle niicrofcopes^ and the latter com* 
pound or double, 

Ixt BY (fig, 96*) reprefent the eye, and o'b a 
fmall obje<9; fituated very near, fo that the angle of 
its apparent magnitude c b may be large* Then 
its image on the retina i m will alfo be large y but 
becaufe the pencils of rays are too divergent to be 
coUefted into their foci on the retina, it will bt 
very confufed and indiftinft. Let the convex lens 
R s (fig. 97.) be interpofed, fo that the diftance 
t)etween it and the objeft may be equal to the focal 
length at which parallel rays would unite, and the 
rays which diverge from the objedl and pafs through 
the lens will afterwards proceed, and confequently 
enter the eye, parallel : they will therefore unite, 

and 



I 



TH£ SINGLE MICROSCOrS. 237 

• 

and form si diftinft image on the retina, and the 
objeft will be dearly fefen^ though if removed to 
the diitance of fix inches, its fmallnds woi»ld ren- 
der it invifible. And fince the apparent magnitudes o 
of objects that fubtend fmall angles are nearly in 
the inverfe proportion of their diftances, if the real 
magnitudes be equals the proportion in which the 
objeft is magnified will be as fix inches to its dif* 
<aace from the eyei Whence it follows, that the 
moil convex lenfes, having the fhorteft focal diftance 
of par'allel rays, muft magnify the moft j 'few they 
permit the objeft to approach nearer the eye than 
thofe do which are flatten When the lens is not n 
held clofe to the eye, the objedt is amplified fbme- 
what more ; becaule the pencils, which pafs at a 
ciiftanee from the center of the lens, ane refraded 
inwards toward the axis, and confequcndy fcem to 
come from points more remote from the center of 
<hc obje6li as may be fcen in fig. 98. where the 
peacik which are emitted from o and b, are refrafied 
inwards, and ieem to come from the points 1 and m. 

A drop of water is a microfcope of this kind,' by r 
reafon of its convex furface ; for, if a (mail h9le be 
made in a plate of metal, or other thin fubitance, 
and carefully filled with ^ drop of water, fmall 
objeds may be fcen through it very diftinft, and 
much magnified. But there are fome difficulties in 
the management of thefe, which fmall glafles^arc 
free from, and therefore they arc not much ufed. 
In fa^, cheapnefii is their pi;incipal recommenda- 
tion. 

Vol, I. Z The 
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t The compound micfofcope^ by means of i^ch 
the itnage is contemplated inftead of the objeft, is 
of two kinda> the folar and the common double 

; microfcope. The folar microfcopc is thus con- 
ftrufted : let ac (fig. 99.) reprefent the fide of a 
darkened chamber, l n a convex lensi fixed oppo« 
fite a perforation in a c, o b a imall olgeft^ and 
pQji white fcreen placed within the chamber oppo- 
fite to the lens ; then, if the objeft be placed at. a 
due diftance from the lens, the pencil of light which 
proceeds from the point o will converge to a focus 
on the fcreen at i, and the pencil which proceeds 
frorh the point b will converge to a focus at M, and 
the intermediate points of the objedt will be cfe- 
pifted between i and m, forming a pidture which 
will be as much larger than the objcft in propor- 
tion as the diftance of the fcreen exceeds that of the 
image from the lens (324, i). This is the prin- 
ciple on which the inftrumcnt afts, but it is ufud 
to add other auxiliary parts as a lens or ipeculum & 
illuminate the objeft by converging the Sun's light 
upon it, &c. which cannot, with fuflicient brevity, 
be here enlarged upon. The folar microfcope is 
by far the moft pleafing in its cffefts, and leaft 
ofFenfive to the eyes of any in ufe. 

M In the common double microforope the image is 
contemplated inftead of the objeft, being viewed 
through a fingle lens in the fame manner as the ob- 
jeft' in a fingle microfcope. Thus, 

K Let L N (fig. 100.) reprefent a double convex 
lens, and o b a fmall objed, fo applied, that the 

pencils 
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pencils of rays which emerge tfom it, and pafs ' ' 
through the lens, may convd'tge to their rei(pe6tive 
foci, and form an inverted inriage at i M. This ^ 
image will be as much larger thd^ the objeft in pro- 
portion as its diftance exceeds that of the objeft 
from thf lens (324, i), and, if it be viewed 
through the lens f o, will agaiii be magnified upon 
the princii^e of the fihgife microfcope (33^, f) ih 
proportion as its diftance fr6m the eye is lefs than 
fix inches ; the image formed by the firft lens, which 
13 called the obje£t-glais, ferving ihftead of an ob- * 
)c& for the fecond, or eye-glafs. But it is to b6 o 
noted, that the image formed in the focus of a 
lens differs from the real objeft in a very eflential 
particular ; that is to fay, the light Being emitted 
from the objeft in every diredtion, renders it vifibfe 
to an eye pkced in any pofition, but the points 
of the image fomned by a lens or mirror emitting 
ho more than a fmall cohical body of rays, which 
arrives from the glafs, can be vifible only when 
the 'eye is fituated within its confine. Thus, the i^ 
pencil which is emitted from b in the objeft, and 
is rriade to converge by the lens to m, proceeds 
afterwards diverging towards h, and therefore never 
arrives at the lens f g, nor enters the eye at e. But 
the pencils that proceed from the points o and b 
will be received on the lens f o, and by it carried, 
parallel, to the eye j confequently the correipondcnt 
points of the image i and m will be vifible, and 
thofe which are fituate farther out towards i and-iif 

Z a wiU 
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iil^ will not be feenr This quantity of the image i M^ 
or vifible area^ is calkd the field of view. 

It Hence it appears^ that if the image j m be large5 
a very fntiall part of it will be vifible^ becauie the 
pencils of rays will for the moft part fall without 
the eye-glafs f g. And it is likewife plain^ that a 
remedy which would caufe the pencils^ that prd^ 
«eed from the extremes o and b of the obje^t^. to 
arrive at the eye will render a greater part erf it 
viltble ; or> in other words^ enlarge the .field view* 

J iThis iseffeded by the interpofition of a broad lehl 
Di (fig. loi.) of a proper curvature at a fmall dif- 
tance from the focal image. For^ by that means 
the pencil bm, which would otherwife have pro« 
ceeded towards h, is refradled to the eye, as deli- 
iteated in the figure^ and the mind conceives from 
dience exiilence of a radiant point at p^ from which 
the rays lafi: proceeded (3i6> i)r In the fame 
manner> the other extreme of die image is feen at 
q^ > and the intermediate points are alfo rendered 

T vifible. On thefe confiderations it is, that comu 
pound portable microfcopes arc ufually made to 
confift of an obje<5b lens, l n, by which the ii!t)agei9 
formed,, enlarged,, and inverted, an amplifying 
lensi nZy by which the field of view is enlarged, 
and an eye-glafs pr lens, by means of which the 
eye is allowed to approach very near, and confe- 

• quently to view, the image under a very great angle 
of apparent magnitude *.' 

• The ahenr&tibn; of the refrafled ray* kdm the m»e fbcus^; 
wh^Ji artfet&oai theifkcnQil&giM of the leiu^ Dt, the pnf- 
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The magic lanthorn is a microfcope upon the v 
fame principles as the folar microfcope, and may be 
ufed with good efFedt for magnifying fmall tran- 
sparent objefts 5 but in general, it is aj^lied tp the 
purpofc of amufement, by calling the fpccics or 
image of a fmall tranlparent painting on glals upon 
a white wall or fcreen, at the focal diftance frarn the 
inftrument. After what has already been faid, it 
will be cafy to underftand the following defcription 
of its component parts. 

In the infide of a box or lanthorn is placed v 
the candle or lamp o (fig. 102,) lyhpfe light 
pafles through tl>e / pjanp-cpnvcx leps if m^ aijcj 
ftrongly illuminates the objeA o B, which is a trans- 
parent painting on glafi, inverted and moveable 
before n n, by means of a Aiding piece in whici) 
the glafs is fet or fixed* This illumination is ftili 
morjC increafed by the refleftiba of light from a 
concave mifror, ss, placed at the other epd pf the 
box, that caufes the li^ht to fall upon the lens 
N N^ as reprefented in the figure. Laftly, a fen? 
V L, fixed in a Aiding tube, is brought to the requi-r 
fite diftance from the objeft d b, and a large ereft 
image 1 m is formed Upon the bppofite wallf 

jnatic colours that are feparated v«ry xnucliy an4 the \th 
of light by reflexion, which is moft confidefable when th^ 
fefradion is greateflr, and the. caufes why in |he bell double 
inicrofcopes three or nxore lenfes are fubftituted kftcad of th^ 
f ngle amplifying lens, d s. 

I Z C H A ?, 
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CHAP. V. 

CV REFRACTING TELESCOPES; OR THE iJIOPTRIC 
IKSTRUMENT4, BY MEAWS OF WHICH REMOTE 
OBJECTS ARE RENDERED LARGS AND DISTINCT 
TO THE VIEW. 

w /k S the microicope is calculated to obviate the 
•/* defcfls of vifion with regard to objeils, 

, whofe ai^g^es of apparent magnitude are too finall 
for fight on account of the fmallnefe of the obje6b 
themfelvcs, fo telefcopes are adapted to improve 
the fenfe with relpe(Jl to objefts, whofe ^gles of 
apparent magnitude are too finall for fight by re*- 
Son of their remotencfs or diftance. The inten- 
tion of both inftruments is the fame, namely, to 
increafe that angle, and, by confequence, the tele- 
fcppc differs very little from the compound micro- 
fcope, except in fome particulars of convenience. 

X ^-iCt L N (fig. 103.) reprefent a convex lens, and 
o B a diftant objeft ; then the pencils of rays will be 
coltefted into their refpcdive foci, and form the 
inverted image x m, to which the eye, by means of 
the lens e e, may approach fo near as, to view it 
very large and diftind. This is the conunon aftro- 
nomical telcfcope. 

y But, as it is inconvenient to view objefts on the 
earth inverted, there are ufually contrivances an- 
nexed to the telefcope by which the image becomes 
crcft as well as the objeft. The fimplrfl of thcfe 

is 
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is the following, where a concave is fubftituted in- 
ftead of the convex cyc-glafs. 

' Let LN (fig. 104.) rcprefent the objeft-glafs z 
as before, and ob a diftant objeft. Then the 
pencils from the refpeftive points of the objeft 
would converge to their foci, and form the in- 
verted image i m, if the leils t e were not inter- 
pofed. But the lens e e being a double concave, 
occafions the rays to diverge more than before; 
ip that the rays which are emitted from b in the 
objeft, inftead of converging to m, are made to 
proceed parallel towards h. For the fame reafon 
the rays from o aie made to proceed parallel to- 
wards K ; the intermediate pencils being afFefted 
in the fame manner. Now, fince parallel rays caulc 
diftinft vifion, it is plain, that an eye placed in the 
pencil M, will conceive it to be emitted from fbme 
point, fuppofe m, fituated in the laft direction of 
the rays, and. the image of b will be feen at m. 
By the fame argument, the image of o will be feen 
at i, by an eye fituated at k, and the like for the 
intermediate points. Therefore, an image will be" 
feen at i m, ereft or fimilarly fituated with the objeft' 
itfelf. 

This telefcope reprefents objects very bright and a 
clear, and as much magnified as the other does, 
but is unpleaiant in its uie, on account of the 
contrafted field of view. For the pencils, being", 
rendered divergent with relpeft to each other, pafs 
moftly on one or the other fide, without entering > 
the pupil of the eye, and therefore a very fmall 

Z 4 part 
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part of the image can be &ca at once : thus» if 
the eye be at h^ it will view the point m, and '€ 
it be moved towards k^ it will fee in fuccefiion al{ 
the parts of the image towards i: but| as the pupil 
of the eye is not broad enough to receive the pen-; 
cils H and k at the fame time, the points m and i 
cannot be ftcn at once. The larger the pupil anc^ 
^e nearer it is placed to the eye-glafs> the more 
pencUs enter the cy? at once, Confequcndy the 
field of view is largcft iinder the|c circumftanccs^ 
and in all other caf^s lefs. 

By the addidon of two cye-glafles to th9 aftrcmo^ 
mical telefcope, it is adapted to terxeftrial objeds^ 
the field of view remaining the fanrie. Thus, the 
lens r f (fig, 105.) ^hich i$ fiinilar to e £, being 
placed at twice the fqcal diftance for parallel rays 
from £ E, receives the pencils of parallel rays afior 
they have . crofled f ach othfr at Xj and forms an 
image at i m^ fimilar aqd equal to i m, but con** 
trary in ppfition^ or ereA; wl^ich l§fl: ii;page ii 
yiewe4 by the lens o o. This is thp c<HiWon tele- 
fcope, and though, by reafon of the number of 
lenfes> it does not repreient ol^ed:s fo bright as the 
foregoing, yet, its ample field of view awakes it 
much more cleafing and ufeful *. 

• The eye piece of telefcogcs is ufualljr fitted op with Bw 
or more lenfes^ for reafons fimilar to thofe mentioned in the 
note on page 340. Their diflances are often adjufled in 
fuch a manner that they magnify the firft image i m on the 
compound microfcope principlet ' ' 
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"Th^ cjdialations which continually rife from, the • 
Earth, render the air lefs tranlparcnt, (293) e{pc- 
jdally near the Earth, where the niixture is Icfii 
complete, and therefore the celeftial bodies ait 
feen much more obfcure when in the horizon than 
when at any confiderable elevation ; for in the firft 
cafe, they are viewed through that part of the 
ttnofphere which is contiguous to the flirface of the 
Earth; and in the latter through a part which 19 
at a greater diftance. But this obfcurity is the. 
leaft part of the inconvenience. The rifmg exha- d 
lations have a kind of undulating motion, like 
that of fhioke or ileam, fo that objeds feen through 
them appear to have a tremulous or dancing mo« 
tion, which is fenfible even to the naked eye, if 
diftant objefts be viewed in a hot fiimmer^s day. 
Hence alfo the ftars twinkle, and the (hadow of 
Irfty buildings have a tremulous motion. In te- z 
lefcbpes this effeft is ftill more perceptible, info- 
0iuch as to render them intirely ufelefs, for terreC. 
trial obje&s, when they augment the apparent mag- 
nitude more than eighty times *• But when objedU 
in the heavens are viewed at any confideriable alti- 
tude, inftruments may b^ yfed which magnify many 
^oufands of dmes* 

* That accurate and enlightened aftronomer Alexander 
^aberty Efq. pbferves, thajt this undulation is the greateft 
when tb^ telqfcppe }s not placed^ in the open air» but .within a 
room. For the temperature of the room being feldom cor- 
r^fpondent with that which obtains abroad, there is almoft 
always a confiderable undulation produced at the window 
where the ftreams of hot and cold air mix. Herfchel ufes his 
l^lefcopes in the open air« 

From 



•946 OPACITY OP TRl Alft. 

I From this want of tranfpatvncy in the jftmo^keic 
anfc$ that gradual diminution in the light of ob* 
jt&s, which painters call the aerial peripe&ive ^ for^ 
if the air were perfeftly traafparent, an ob^ft 
would be equally luminous at all diftances^ be^ 
caufe the vifible area and the denfity o£ light de- 
creafe in the fame proportion^ namely^ as thefquare 

c c^ the diilance. It is from this gradual diminu^ 
tion of lights together with the angle o( apparent 
magnitude^ that we eftimate 4iftances -, and becaufe 

. the celeftial bodies^ when near the horizon^ are 
more obfcure, for the reafon urged above (345, f), 
thou^ their refpcdive apparent magnitudes remain 
unaltered, or in a fhiall degree diminiihed> we 
adopt the notion of their being actually larger at 

B th^ time. Thus, likewife, men fecn duough a 
fuifl appear gigantic^ the obfcurity caufing us to 
imagine them more diftant than they really are» 

i But, in the cafe of the heavenly bodies, there ia , 
atnother circumitance that tends to deceive us in 
our judgment of the diftance : we ccmceive the iky 
to be a concave dome ; and as the clouds towarda 
rfjc horizon are evidently more diftant. than thofe 
scar the zenith, we imagine the horizontal radius 

K to be much longer than the vertical. From diis 
notion we regulate our ideas with regard to the dif- 
tance of the heavenly bodies^ at different altitudes $ 
which diftance, we fuppofe to be greater than they 
are nearer the horizon, and we are confequendy. 
led t^ ima^ne^ that they are larger at that time. 

By 
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By the folar microfcopc and magic lanthoroj L 
wc have feen that the Ipecies of near objeds may 
be caft on a fcreen in a darkened chamber. The 
camera obfcura has the fame relation to the tele- 
fcope, as the folar noicrofcope has to dve coosmpso 
double microfcope, and is thus conftruded. 

Let c D (fig. 106.) reprefent a darkened cham-^ f$ 
ber perforated at l, where a cxmVex lens is fixed^ 
the curvity of which is fuch, that tbefeeus of 
parallel rays falls upo^ ^e oppofite wall. Then, 
if A B be an object at fuch a diftanceiy that th« 
rays which proceed fropci any given point of its 
furface to the lens t, may be elieemed parallej^ aa 
inverted pidure will be formed on the oppofiti; 
wall. For the pencil which proceeds from a will 
^ converge to a, and the pencil which proceeds from 
Bf will converge to bj aiid thp intermediate points 
of the objeft will be depi&ed between a and b* 
This is one of the moftpleaiing and d^lightfpl ex- 
periments in optics, and never fails to Ibil^ the 
beholder with furprife and admiration^ Its only 
defedl is the inverted polition. of the pifliire, which 
may be remedied by fevergj methods. Byt a$ 
they all tend to make t^e ipaage Icfs. UY?)[yj they 
are iibldom ufed. 
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CHAP, VI. 

•p rm iMraitFXCTioKs of tilescopss, an9 

THEIR REMEDIES ; ANp Of TH£ ACHROMATIQ 
TELESCOPE* 

ff O INCE the conftruaion of a telcfcopc conflfU 
C^ In nothing more than viewing, by means of 
z microlcope or eye-glafs, the image which is 
formed in the focli^ of the objeft-glafs ; it may 
fecm eaiy xq make a telefcope with a given objeft- 
glafs, that (hall magnify in any affignable degree. 
For, if the eyc-gla& be rendered more and more 
convex, the eye may be permitted to approach 
nearer and nearc|- to the imagc^ and confeauendy 
to view it under 9x1 angle of apparent magnitude 
that ihall be greater and greater, as required/ 
But this is unattainable on two feveral accounts. 

o The firft h, that Iphcrical flirfaces do not refraft. 
the rays pf light accurately to a point, as has al- 
ready been obfervcdi and die fecbnd and moft 

f confequential. is, diat the rq^ys of comppunded 
light, being differe^dy refrangible, camp to their 
|eiJ^£Hve foci at different diftances from the glafs^ 
the more refrangible rays converging foqner thaa 
thofe which are left refrangible. . This is evident 
from what has already been (aid on that iubjeA^ 

fELand is likcwife confirmed by experiment j for a 
paper^ pHUA^ed intenfely red^ and properly illumi- 
nated 
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ixated, will call its fpecies, by irtcshS of k 
iens, on a fcreen at a greater diftance than will 
another blue paper by the fame lens in likp cir^ 
cumftances* And here4t mafybe notedj that thf 
lens proper for this experuncnt ipuft be vpy fl3% 
or a portion of the furfacc of a large ^herc. 
Hence the Ipecles or image of a white objeft may 
be faid to confift of an indefinite number of co* 
loured images, th« violet being neareft, and thf 
red fartheft from the lens, and the images of inters 
mediate colours at intermediate diltances^ The 
aggregate, or image itfelf, muft therefore be ia 
ibme degree confuied, and this confufion, being 
▼ery much increafed by the magnifying power, or 
cye-glafs, renders it neceffary to uft an eye-^glais 
of a certain limited convexity to a. given objeft* 
glais* For which reaibn^ if it be required to con^ s 
&ru& a telefcope that fh^U magnify objects in a 
l^ater degree than a given telefcope, the objed^ 
glafs muft be lefs convex, and of confeqyence its 
focal diftance longer* Thus an objedt-glais of 4 x 
feet focal length will bear an eye-glafs of about t r 
inch focus, and will niagnify obje^ in length or 
diameter 40 times : one of 25 feet (otzL length 
will bear an eye-glafs of 3 inches focus^ and mag'*, 
nifies 100 times i and one of 100 fej:t ,wiy bear . w > 
eye-glafs of fix inches, and magnifies ; 200 tiitiies#. 
It is alfo neceilary to limit the aperture ojT the (Ah tt 
je£fc-glafs, to exclude thofe rays which are incident : 
at too great diftances from the cept^ ^ for. thofe, 
being mpre refrafted, are ii\or^ . paj^icjiijtrly fub-. 

' '' " jea 



3^0 IMPROVSMENTi lH T£LSSCOP£S« 

jc6t to the irrcgularMcs wKch arffc, cither ftonr 
the figure of the glafi or the unequal rdfraftion of 
l^ht. Thte diameter of the apertures of objeft 
lenies> of equal goddnefi, fhould be as the fquarfc 
Mots of their local lengths. 

.^ The great inconrv^erice and difliculty of n»- 
naging the longer telfefcopes, occafioried the phi- 
jofophic world to fix their thoughts upon the 
mews of converging the rays of light without fe* 
paradng them into their component colours. The 
expedients for that purpofe Were firft pcrfcfted by 

w Sir Ifaac Newton and Mr. DoUond. The feed 
innage in the telefoope of Sir Ifaac Newton is fbrrhed 
by reflection front Ipeculums or mirrors, and be- 
ing therefore free from the irregular convergence 
cf the various rays of light, will admit of a nrruch 
larger aperture, and bciar the applicadoh of a ver^ 

X great magnifying power. The difficuMes which 
attend this inftrument, are die tarnifliing of the 
metalline fpeculums, and the very great accuracy 
required in giving them the true figure, for an 
error in a reflecting furfece affefts the direftion 
of the rays much more than a like error in a re^ 

y filing furface. Yet this telcfcope is, notwith- 

z Ibmding, die befl: in ufe. Mr. DoUond's inven*^ 
tion coniiils in the ufe of a compound objeft-glals^ 
which is ufually termed achromatic, or colour- 
lefs, from its property ; and the principal imper- 
feftion in the praftice, is the difficulty of pro- 
curing glals that Ihall be uniformly of the fame 
rcfraftive denfity. As we are now fpeaking of- 

dioptrics. 



I 

dioptrics, it will be more regular to defcribe tlic 
achrcMnatic telefcbpe firft, and refer the othfer io , 
its place, where we ftiall explain the propertifes of 
inftruments that aft on the principle of reflecliori^ 

Becaufe the component rays of light dife a 
from each iother in refrangibilky, they arc iep^- 
rated from ' each other by refraftion, and be- 
caiafe they are all refrafted fo as to prelerve a 
conftant ratio between the fines cf the angles of 
incidence and refraftion, that feparati<in muft he 
greateft when the whole beam of light is moft de- 
flefted from its courfe. From hence opticians have 
concluded, ami there is a paffage in Sir Ifaac 
Newton's * optics, that feerxi^ to confirm the opi- 
nion, that prrfms, which defleft the whole beam 
of light equally olit of its courfe at like incidences, 
will, however different dieir refrdftive denfidfe, 
occafion alfo an eqiml. feparation or divergency of 
the component rays : or, in other words, that if 
the emergent refrafted light from the lurface of a 
given prifnti be immediately received on the; fur- 
face of a fecond prifm, which fhall refraft it equal- 
ly in the contrary direftion, fo that at its emer-.^ 
gence, it fhall proceed parallel to the firft incident 
beam, this laft emergent li^t will continue white, 

ft 

however different the matter of the fecond prifiti 
may be from that of the firfl. But this Mr. Dol- 'i 
lond has fhewn to be ill-founded, for, by his e3t- 
perknents it appears, that the different kinds of 

* Book I. Part 2. Experiment VIII. - > 

glaft 



aBbufc'^ dl^lees> ^«fiafte<t tftMjte»of light joctf. <r 
ly tffiic, tnit-tjiat the^divingmcy ftf- taikm joixhe 
v/lSee^fiHtc was confiderablf tnope JdUfi inAit.ji^Kismi't 
gt^s r ^ that, . when they w«re i^piied ^gtAar,. . 
tSVefra^- contrary ways, and a beam ofligiascranfi' « 
lificied throng^ diem, dioug^ the cmergoit ■x^th' i 
tinued paraUd to.the uKident par^ it«a^^flDt«t.-- 
'WMiftanding, fqparated Into <xM^ncat coloun. 
Whence he inferred^ that, in orde|- to reifper die 
ie«nei^9MK;bfi»m.vjbi^,.U i^:?|jice4«y th^:,thc nj- 
fiwa»g-,augls_^ thp priftn j.<jfi ci^i?-^ |i??«^ 
Uittii&w*^* >md , by repejjs(^; ;^lf|jqti|5^ , 

<]^jtorece4 rhccxia qwjtity- Byt th^icployjj^ 
cmiKSeitt iight JK^ not thc^ lj]j,.r5|fbij..o|C,;^- . 
QBafiid?«rgte ofjjhe pnjfet^of .opwiT^la^ JSK^'v, 

l^btt lb0xtnfl(^(^S£t ^jrHJK;l|»Mt<9M^ ■ 
the bafe of the laft mentioned prilm., ,^ , j; u^i^r- ^ 

t<aL ^ Qplpun and which it was ;i6t dif- 
ficult to apn^K I'V rfic conflxuflibn i)f tne^ohJed- ' 

BTCfcaCa double concave lens .6f^white nfnt-glSs, 
^d A o D F a dcJUble concave of crown-gla|s ; tncn 
the parts of the knles which are on the fame fide 
9f the common axisj namely, \cu and afc, may 

be 



bo^ dmccifrcd to a& like tv^prifipi^ i#diiid6ad 
contrary ways, Md if c^ ou3id#:«iF.i!eir9dkm d» 
crown-gkift At c be fuch as precilely Uk ddbojr 
the divergency of colour Mufed by die flbtt-g^ 
ACB;^ the ificidentray sji will be sefta&ed toz, 
without any produ^on of colour. The fame it 
alfo true (^ the ray s h, snad of all the other iod-!^ 
jdent rays, and comequently the whole fpcal image ^ 
formed by this compound objed-giais will be 
^chrpmaoc, or free frocrv colour -which- migiit prtfe* . 

from refrafbion. It will therefore bear a. larger 

♦ ^ . . ' • • ' *^ ' • 

apierturc, and greater magnifying powcp,y; and -of 
courle enlarge obje£b much more than a cbmn30||. 
refrading tdefcope of d^fe /amc length. 

It is more convenient on ieverat actougtt 10 b 
combine three lenies together^ one :doiible CMcalpe:^ : 
of flint'^lafi) between two convenes ofdilSsreot luady^ 
lofcrown-^gla^Si and the gbfles may be fo ac^iiAied . 
u> eaiph och^, as not oidy to ibrm a: focal j»fige 
-withoat the priimatsc colours^ biit-a|fi> frjse k^^ 
4hf dded9 wbieh ia other Idifta i^ ftimM^ 

The greateft impediment to die confbtidion of r 
large achromsdc telefcopes^ as hw beat obfinred, 
(3 jo, !J:) is the Wlnt of i fline-glaft of ail tfntfcntt 
fcfrading dtnfity. Fortunately for tfoHond, thiii 
lund of glafs was proctirable when he begM tit ' 
make achromatic teleicopes, tho^agh the anxrm^ 
c- Vit. I. A a rf 



314 tATt^TRlCi** 

^.mattJ^ia^gaumt chtma&s have fince been exmed< 
to nnke it, without much fuccefi *. 



f 
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.CHAP. vn. 



fe? CATOPtRlCS, OR THE REGULAR REFLECTION 0^ 
LIGHT i AKD op THE REFLECTING TELESCOPE* 

o T T kas been fliewn, (317, m) that a furfacc 
A may be Conftru^d that fhall rcflcft fhc rafS 

« 

6f a giten pencil of light, fo as to make theni 
either converge to a point, diverge from a point, 
or proceed parallel to each other. This furface 

^ ttiay be ehher plane ot curved, 

H ' A ^anc mirrior reflefts a pencil: of light under 
the fanfte circumftances as ' it was incident^ diat is 
%o fay, if a pencil, which emanates from a giv«n 
pcSht, be ineident oh the mirror, it is rcflefted fe> 
that its rays proceed with die fanfic divergency 
I&M1 -another- point, whofc diftance behind de 
mirror is equal to the diftance of the radiant poi* 

"•Tiieagtii^i^ credibly infcrmed, ^atthe glafi employed 
by SoUondja the fabrication of his beil teleicopes» was alt 
of the fame melting, or made at one time ; and that, ex- 
cepting' tfiis particular trcafure, cafaaily obtained, good 
denfe glafs f&r achromatic pnrpofea was always as dii«U 
10 be^ procured 4s it i« now» 
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Of Miiiitoitii ^j;^ 

hdhit the mirror from the f^e q{ incidencei 
and if the pencils of rays, which emanate from a 
gtreft furface^ be incident on the mirror, they will 
be.refledted fo as to preferve the fame inclinations 
to e^ch other as before, and therefore will appear 
CO proceed frc»n a furface, whofe magnitude and 
di^nce behind the mirror are e^dly equal to thofe 
^ the radiant furface (317$ kJ) Hence it is, that 
fdane mirrors r^teft the fpecies of obje&s, which 
are equal, like, and fimilar in pofition with tht 
otjefls themfelves. 

Concave mirrors render ^the pencils of rays> i 
which are incident upon ^em, more convergent^ 
artd convex mirrors render them more divergdit, 

(ji8f cr.) If the mirrors be regularly formed, 
according to the pr<>par curve, the convergent or 

divergent light of any pencil after refle£Uon will 
reipe£i: ibme particular point of fjpace. 

A portbn of a fpherei whole breadth h about ic 
fifteen degrees, dWers very litde from the curve 
furface, by which parallel rays would be made by 
refledtion to converge to^ or diverge from, a pdnt. 
It is therefore in many C2£cs ufed for chat purpofe, 
as being much eafier to conftrud. 

There is a great refcmblance between the pro- l 

pertie^^ <^ convex lenfbs and concave mirrors, and 

between the properties of concave lenfe^ and con* 

vex mirrors. Convex knfes and concave mirrors m 

form an inverted focal image of any remote objed 

by the convergence of the pencils of rays : concave n 

knfes and convex mirrors do, in general, form an 

A a 2 eredt 

I 



'35^ OF CONTtX AND'COlrCAVE 

crcft imlige in the virtud focus, by tKc diver* 

o gence of tbc pencils o£ rays. In thoile ii^bm- 
ments, whofc performances are the eSe£b cf re^ 
fleftion/ the concave mirror is fubftituted in die 
place of the convex lens> and the convex mirror 

p may be ufed inftead of the concave lens : but their 
difpofitions with refpeft to each other, when corn^ 
bined, muft neceffarily differ from thofe of lenfes, 
on account of the opacity of the one, and the tran<» 
fparency of the other. 

Q^ Let AR (fig. io8.) reprefent . the polifhed iphe« 
rical fiirface of a concave' mirror, and ob an objcd 
iituated without the center of the thirrorj thea 
the pencil of rays, which is emitted from tht 
point o, will fall on the mirror i and, after re«^ 
fledtion, converge to the focus ij the pencil 
from B will converge to m, and the like will hap«- 
pen to thofe emitted from the intermediate points^ 
whofe foci will be found between i and m. There 
will confequently be fonned before the mirror an 
inverted focal image, reiembling that whicji is 
formed by a convex lens (324, h.) 

R Let AR (fig. 109.) reprefent the polifhed {phe» 
rical furface of a convex mirror, and o B an 
objcft: then the pencil of rays, which is emitted 
from the point o, will fall on the mirror^ aiid 
after refleftion diverge from the virtual focus ij 
the pencil from b will emerge from- m, and thr 
jfike will haj^en to thofe emitted from the inters 
mediate points, whofe virtual foci will be found 
between i and m. There will confequently be 

fopned 
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behind the mirrCr an creA focal image^ j 
rcfemblihg that which is formed by a concave 

lens. 

.V Let Alt (fig. no.) reprefent a concave mirror, , s 
whofe center is c, and ob an objcd fituated with- 
out the center. Through the center c, from, o, 
draw the line on, which will be. perpendicular 
to the mirror at n, and will therefore reprefent 
both the incident and reSedted ray, which pro- 
ceeds from o, and is reflcded at n : . the focal 
Fq>refentation or image of o will confequently be 
found in that line. Through c, from b, draw the 
line BV, and by the fame realbning the focal image 
of B will be found in that line. Draw the line or 
ray 6v, and it will be refle£fced fo as to crofs the 
ray on at i, the angle of , reflexion ivc being 
equal to the angle of incidence ovc. This inter* 
ie&ion of the rays determines the focal point of 
o, which mu From a to n draw the ray bn, and 
its refle&ion will determine the focus of b, which 
is. Af, and the image will be inverted. 

Let At. (fig. III.) reprefent a convex mirror, t 
and the other reprefentations and conftruftion be 
as in the U& figure. The focal reprefentations of 
o and B will be found in the iines oc and bc, 
and the reflefted part of the ray ov will virtu- 
ally crofe the line oc at i j the refleded part of 
the ray bn will alio virtually cro{s the line bc at m. 
Theiie interfeftions will determine the {dace of the 
^al imagie im, which will be ered. . 

A a 3 ^ Hence 



!ii^ OF TI*'»l^*yiTINO 

eqwff 'ahgfesf for/ the' ahgfe Vcb ^['^^ ib 



1^ the j^oiition ajid magnitude of the objccc, anj 
|Ke diarrieter of the Ipherei of which tjnc mOTSr- 
i^^'l^beknoWii: - '■ ]^:\'^''\^ 

Wf ^X"^ refleftmg telelcope, which %as ma^l^' ||§ 
Sir Ifaac Newton> was of the ll^fowing fei*F|ii '^^■' / 

one end of which is placed the "concave imfror 
A|^.^nd l^toB reprefent a (firtaiit bl^<^l^^im 
thpojencik. which are emitted' frqrft'tho Iev«ia] 
^pj3(^ts of its furface, will be colicaeai and rbrnf 
an inverted image i m« Sbt by tlie- interpol^t^li^ 
the plane mirFor Kc, the riys'kFe^fdiedSS,*' k^ 
image is fornned at im^ which is feen vecy much 
magnified by means of the plwo-ponvex lens, 
at L« 

% The immenfely powerful teleicopes o^Herfchel 
#re on this conflrudion. jThis capital zftiSt, and 
moft a&MliOtiit a^rcQlKinierichifi^^jnr^ feveral ipe^ 
iculums^ which are j(b pei£*£): as ta b^r 4 m^nii^r. 
ing power of more than fix thon&nd time;^ in. 
diameter on fome of the fixed &an **. Xlm l^tsgl^ 

f Phil. Trant yj^S^ 

(elefcopc 







of an Inch ! 

The reneccing teldcopCi which is Jtnoffi m uie Y 
at prdent^ is compofcd or two concavp mirroii oF 
^infercfit radii. The larger concave" ar (fi&\i i ^'' 
forms the focal image im, which ftrves^ats an'ooiecc 

Iraii^ the fmall mirror, kc: a fecohd image im *i$ 

unu ,3r- . ■ • -, ' .^ ^^^ \ ')nld 

formed ^bgr the.mu'ror, the rays paffing throiign 

the amplifying lens l, which is placed ia a hole^of 

?;rfo|ration in the center of the great mirrdf Hii 
his image is ereft, and is viewed much enlarged 
through the cye-glafs or lens p. a !".. 

^ In good reflefting telefcopes the'objeft Jpeculum 2 
is fiot of a Ipherkal form. • » oii':^ ^ 

' kefledting naicrofcopes are fomctimes ttia^; A 
thefncthod of conftrufting which, as alfo of bflicr 
.mftmnjients, may be deduced from what has been 
.j^jd^ponopriiing relieving telefcopes. ,7 

.fl'^a''^'"'' -^'^T .* zra^fl b.j;i'i am V. -.: idl no i^Mmsib 
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,'irft caufe is intdligentj 10?. i6v ,.?t-^.r\ 

Fixed Jiars^ 103. loft. pave na parsnlax,.f>39; ^aangj^f^ 
ferved among them, 189 — 196. are either fallfng W i^byc 
in imom^foorbite, ^vi, chMJj^^their Jongi^dft^o^j^^ir 
abetotiQn^^j6. . .y„p^,\,,. 

F^rce^ er mommtum^ 19. acceleration or ^^^ns^2JHt^,|^f 
difpute concerning the meafure of Torce, ISr^^^ ^fS^ 
petal, 94^ fcq, 

Q 

Geaiffim ftdus^ Vli^. A - ;^j,t<V -^^ 

Gtf/i, its great ductility, I2, ^ •^'^'V '^ 

Cravitatiohj 26 & feq. center ^, 74—— 79: Jbiw OM^eiyGmJr 
" dedqced from its effefls, 207-— 2I7# .'y. .--.!'.''. 

Qravitff §ce GravitatfOHf. ' ' , ;-. \. , ..^^,^'•-/^ 

H 

JF/a&.. 280. 

If^f-^ BARif^ we cdrtiqireiMe ofrtfaMrAnofattii^ftfifinafig^a 

found in nature^ 54, ..^ ;' ■• c .. \« .^h-,t.>, ;) L-^n-ijififi 
////rV, 68, 69. iir ,^.\untu^v;3 . 

Herfchel^ Mr. 114, 193. 35^8^ ,S?> -^^^i .^£i ^^((t'o'd 









Imidmcfj angle of, 261, », ■ H^ r>'-V-,: *"^^ 

ImUuid plants 6a— 66ix: . ,^ • ' 

/«/M?f^ MS If feq. ' ^ • * ■-^'.'; ♦ •. .sjqqc oiqoji 

Intmtianj 2. . u . -"•qrly* 

JmpenetraHUtyy 7»8. 13— &fo^. ^ ^ ^>i ^•^...^.^^.^(jU, 

j^uwU^ij I • 3 — 5* mathematieal, why fe perfpicuous and 
* ctrtauA, 4. philofophkali cho nature of its proofsi, 5. hoif 

Latitude^ 182. ^, V„^^ 

/^^'f 33** 

LtuiT^ 55 & fc<l' 

Xi/&/, the quantity rece«ved by oblique (urfaces^ fliewn^ 
185. in what it condftst 254. its velocity/ 2^4:' itr'^iMlfi^ 
form, 256, its momentum, 257. rarity, 2$8r"vaHo«n5^^Asy 
irangibility and colour, 264*]^ feq. various reflexibility, 
270 & feq. alternate refledion and tranfmiiBon, 280 & feq. ' 

. i«{fn|si^i9lt^ 'fe^i^qi^fHwr^r^H^i'i^ itiirfdta(£^vi«^ 

refraction are oFeded, 304-^^— ^314. ^ri ^isinox 

Lgniitiidi^ 182. \ ^-.' -. -., > .r -r< ^citaA:^ ;usi^ 

JK!r«V iWi»«^h4K-^ - ^^- -^'"^ ' '^-^^^ -^'-^^•^^^' ce— /9 ^ 
Magnttnii apparent, 335. -^^V^'Tf^^™ 




pafti^iaftdflh)n.t<^beaha1yfcd,.9. - : -^ .U c/bbnib 
JlftdSMfA^^^ta^, enumerated, 54. their generaFpropti^i^, 
72—74. 



^ ^ % % ^? 

^e4hmf 260. various, difperfe %ht unequally, 369* 

Mercury^ the planet, 107, 17^. 
Micrometir fcrewy 71. 

JkficrofcopeSj 336 340. ^ .^(^f' ^^ s; jnr ,v.**A 

ATtrrorii 263, 317. 355. burning, 31^ .^ ^ nxL v v* 
if90;r, edipfe of, no. other phenomena, i^l-^lfi^^lfiit^ 
f^opic appearance, i68«^— 173. caufe (rf lift ItefipiH^MS. 
its irregularities explained, aiS^-ra^a. fiqlMl\dwi^/aB 
ecHpfe, 297. i' ,^.•Vl^* 

Mcmentumj 19. of light, 25^ : y^— ^ - ^ ,(V\'is5t^!jr..: 

MotioHj 7,8. auantjj^Q£,.ii9«.^bfiiliiteyi^tb^3n4*^^^ 
rent, or anguW^ Jxa. hm^^ 3ri^>^^na$. co8ipMuiofts|iKl 

xefolution of, 23,^24. ll|liforf»^«Q0Ierate9l9il^^«-3i^^i^ 

' retarded, 31, 32. how produced, deftrojred or changed, 

jj.^^, difpute concerning, the meafure of its quantity, 

37—39. 

Natural pbthjophyy its proofs, 5. how acquuff^ fmtupa^ 

NibuUty 193. 

Hiwton^ 103. 291. 315. 350. 'Qij, 

Nodes J 123. ^*^. • ^ 

NutatlMj 2JL0. .c- ,«M . 

0^1/;^,, it^^aufv 294. -^ . ^-...^ , 4i'^ni,j8. ' 
<ff*'^ W7— ffp7- •. ' ■. :j -TOT ^. .r.?i',min^ 

/<;»«ZAa«^^«taiia]i ic>£C. 139. giHierataert«ird^<^i^i|td^ 

2ontal, 129. • ' T '-'^ ♦*: ^:^'rtt »^«» noifefii^ai 

Ptftt/'x churchy St. its colour at funfet, 297. -81 (%V^\^ '' 
Pencil of ray Sy 316. ' . 

Penduiumsj 26. 80 & feq. witK a deal rod, 91* gridiroii, 

91—93. vibrate flower near the cquator^ij^,^^^^ ,^,^> ^ 

PhMipbiZiHg, rules of, 6. fz ,^V. , r; -'^.4n<i s«t«\aWs;^^ 
P/tf»//x, primary, 105. theig^g^fiy^l ^^gpf^^^^^ ^^2-;^^^ 
dined to the ecliptic, j^i^^A^^himi^^cm^f^SP^fi^f 

teiu^, 232. ^ f4.'br^l 



' 



J 9 9 M ?. 

pjim/fiyftcoadtrf, 137. diciraotioKcxplmael, ao8» . 
Ptrtpj tfmatUTy 17. 

Prtetjktn ef the tqtantxtSy 240. 

Pr<^*k » left th«n '«np«lfc, 34. '-ii— :c ,"\*it.T 

Pm/if,»ir John; ttwa' • •• • • . "' ''«• ."^^^V^T 

A%k 6>-*44. . . . - ■ . ' - .•■"-•-;^<; "■> ^--^^ 

JbfJBant fctntj jld. 
JtatnhdfV^ 273 £ feq. 

fiifbiUcn rf ligbt^ ddufcd, 261. anadogous to rtfradron, 
19a. regular^ 317. 

RifraOiMj 261. regular, 320. 

RtfroHgiUIityy 264. 

Bjptt^n^ 47. apparently exerted between floating bodies, 50. 

J{/<ariNf nMtftfff, 31, 32.'' =" '' '' '^ "• •^ ••^» ^.^f^h^i-.r 

Rivilvinz. koJieij Q^-^^ . 

RttkstffbikfopbiTdng^ 6. ^ ^ * Ovf^cj 



^ * • * ••"..'i.Av. ** \ 
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Satwm and its rtng^ lyj* l^<^ «it r^^^u^^^* 

Sbadnv if tie iortbj no* 
5«^i<y, 187. 



SfeaacliSy 333. 
Spttulwn. See Aflfrrar. 



*« '. 



£/tfri, nxra. See Fi;r^^i 5/^x. 

^Mfy 104. its parallax, I3i._telerc0pic appea»QC?» 174* it^ 

atnmipheie, 175, 
Smag^wbul^ 88. .-^ 

Sjntiifis mii 0udffis^ lOp. - 



T Ti^ifr, 



t n t^ t % 



Tackle^ oi— 04. 'Uj^I-*" U""*- '*'■ "• j^vV 

TtU/cofesj refrafting, 3+2. tftcir imtoj^sajqiift ^.\;${^<3^ 

matic, 351-353. reflcaing, 35ft ;. ,, .., ^.^/;;^ . 
Termtnattony 183. - -.Att.v' 

37rf^j explained, 241— 251. . d— lO vA\« 

TranfitofFenus over tbi Sun's difc^ 132 — 136/ ' ^ 

^ranjparency^ its caufe, 294, , 
Tr<r/iV/, 1 88. 
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, Undulation of the air^ 345, 
Vniverfe^ (yftem of, 174. 












Variation of the moon^s motion^ 144^^ 
FeUdtfj hnsij 2^^ 31, initial, 3?i» 

VenuSf its apparent motions and propo'rtianaf^.j^i^^aq^tr9ni 
the fun, 105 — 107. 113. tranfit over tin? ,dt£^^/[Cb(^^iin» 
,,.!32— 136. tclefcopic appearance, 17^ . .' . .; .^\ ^^^ 
Vtfion^ 258. 327 & feq. 

W 
JVeigi^ 66--68. 

Weighty 35. .. ' . *: s»rta «-tvv.; . 

IVbitehuf^i^ Mr. his infirument for oieafuriAgkSlSQtiQIfvepi- 
ploycd by faljiog bodies, 42. - . c* ,i;tC,?.. 

Tear^ natural^ 187. natural, periodica^) 'ai^^meif^'^^^ 

2 ; ' 5^i3rfqioii2Jfi 



Zenith^ 182% 
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